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The BrAlnwave 
Bill Bains searches through 
time and space for some signs 
of artificial intelligence, or even 
a good definition 
Op-Amps 

Paul Chappell delves into the 


Circuit Theory of op-amp 
circuits oscillating or not 


PROJECT 22 


EASi 

Pat Alley finds his patented 
EASi alarm system is a much 
easier way to protect your 
valuables than 312 million 


blocks of limestone 
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Digital Doorbell 

John Jameson greets callers to 
his home with music, screams 
or the voice of Nicholas Parsons 
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Kinetotie 

Mike Bedford dons the world’s 
first Pan-Atlantic Necktie and 
discovers there is no better way 


to use up 146 LEDs 
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Camera 


Controller 
Keith Brindley snaps up the st 
Class spot for an electronic 
trigger for cameras 


Cover photograph courtesy of 
Images Colour Library (Eric Bach) 
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Intelligent 
Plotter 


Bob Joyce concludes his [:” 
Intelligent Plotter project with [°° 
the intelligent bit. Here he 
reveals the wherewithalls of the 
CPU, memory, keyboard and 
display 
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Reaction Timer 
Rod Cooper is quick off the 
marks with this simple timer of 
all things reactiv 
ETT ETE EST 


AB GOES 
BACK TO 
SCHOOL 


CD-R 
FOR THE 
PROFESSIONALS 


Fee compact discs now 
seem certain to reach the world 
marketplace by this summer. 

Taiyo Yuden, manufacturer of the 
That's range of audio tape, has perfec- 
ted a marketable ‘write-once’ CD-R 
system and hopes to launch the sys- 
tem in Japan this spring. The discs are 
compatible with normal CD equip- 
ment and should retail at around a third 
of the price of a pre-recorded disc. 

The recording surface appears 
green. A dye recording layer is intro- 
duced during the manufacturing of 
the discs with a spiral guide groove in 
the polycarbonate replacing the usual 
pit system. 

. Taiyo Yuden has however recog- 
nised the concern in the industry at 
the prospect of the mass of CD pirat- 
ing that would inevitably be produced 
by aconsumer CD-R system, particu- 
larly since a twin-deck CD-R is anti- 
cipated to cost little more than a 
standard normal CD player. 

The company will concentrate on 
the areas of broadcasting, professional 
recording and the record industry it- 
self, where the benefits of cheap short- 
run CD production could be reaped, 
It claims it will not exploit the con- 
sumer market until the copyright 
issues are resolved. 

The distribution in the UK will be 
handled by Harman. 

Itis expected that acommercially 
viable CD-E system (repeatedly eras- 
able discs) will not be fully developed 
for several years. 


OPEN AND 


wo ranges of cases are now 

available from West Hyde. 

The ‘Boplast Plus’ cases pictured 
here have separate compartments, 


RENT THE SKIES 


A 8-digit frequency counter with 
a range from JHz to LOOMHz is 
available from Alpha Electronics. 

The Goldstar FC7011 can use 
manual or automatic ranging with 
gate times from 0.01s to 10s and a 
basic input sensitivity of 1OmV. 

The 10MHz reference crystal has 


SHUT CASE 


each with a screw sealed lid, so that fF 


say power terminations could be kept 
isolated from the main electronic 
circuits allowing circuit adjustment 
without the danger of live terminal 
blocks exposed. 

The ‘Sentinel’ range of cases are 
designed for housing wall-mounted 
sensors such as smoke, gas or fire 
alarms. 


Details of both ranges are available 
from West Hyde, Unit 9, Park Street 
Ind. Est., Aylesbury HP20 1ET. Tel: 
(0296) 20441. 


5ppm stability —- other models can 
provide ‘stability better than Ippm. 


The FC7011 costs £98 +VAT. 


Contact Alpha Electronics, Unit 5, 
Linstock Trading Estate, Wigan Road, 
Atherton, Manchester M29 OQA. Tel: 
(0942) 873434. 
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EAT TO THE BEAT 


he latest and most bizarre CD 

format to be developed is CD-ED, 
the edible compact disc. 

The discs have been cooked up by 
Pommeplein, a French company 
based in Paris, and use non-toxic 
gelatin in place of the normal substrate 
and recording surface. However, 
edibility. and permanence have 
proved to be difficult ingredients to 
mix — the gelatin can survive only 
about 10 plays before error rates 
become unacceptable. 

Nevertheless Jean de Faim, 
director of Pommeplein, is confident 
that CD-ED is a winning recipe. 

“We see many opportunities for 
promotional use and novelty gifts” he 
said, “and we are working on different 
boiling and baking temperatures for 
the gelatin in search of the 100 play 
CD-ED? 

Although the discs are technically 
edible, by most accounts they taste 
horrible. Market research in Paris has 
identified only three acceptable 
flavours — strawberry, mint and garlic 


French cuisine experts prepare the prototype 3in CD-ED at the Pommeplein 


laboratories in Foules. 


chicken. The biggest problem was 
finding a suitable protective layer to 
coat the discs, Glazed almond proved 
too unstable and a clear mint cracknel 
layer has been chosen as most 
reliable. 

CD-ED receive their French 


MICRO FILMER 


anasonic has produced the latest 

in hand-held colour cameras with 
the tiny WV-CD1 Micro Camera. It 
measures just 17mm in diameter and 
50mm in length but can produce a 
resolution of 330 lines with a s/n ratio 
of 44dB. 

The control unit comes separate 
and is connected to the camera by a 
2m cable extendable to 10m. 

Tributes to the camera quality are 
attested by its use in the filming of Jean 


Michel Jarre’s Docklands Downpour 
concerts, attached to the keyboards 
for close-up shots. 

In Japan a less celebrated use has 
been found — dentists are attaching 
the cameras to dental instruments to 
show patients what is going on in their 
mouths. Smile please! 

For further information contact 
Panasonic Industrial UK, 300 Bath 
Road, Slough SL1 6JB. Tel: (0753) 
34522. 


FREEBIES 


launch at the beginning of April. If 
successful the UK and US markets 
should receive their first taste of CD- 
ED in twelve months time. 

For further information contact 
Pommeplein, 1 Rue dAvril, Foules, 
Paris-sud. 


SQUARE 


YOUNG 
ELECTRONIC 
DESIGNERS 
AWARDS 


bic 


CD-ROM 
DEFENDER 
FOR PCs 


he first CD-ROM game product 

has been produced by a part- 
nership of Cinemaware, the Cali- 
fornian computer software company, 
and three Maxwell companies, 
Mirrorsoft, Nimbus and Pergamon 
Compact Solution. 

The game is ‘Defender of the 
Crown, an enhanced version of 
Cinemaware’s computer game, mak- 
ing use of CD's audio capabilities by 
adding a stereo sound track. 

The operation of the game is 
identical to the standard PC version 
but is accompanied by some 
200Mbytes of 16-bit digital sound, 
including speech, sound effects and 
specially composed music. 

There are some 13000 PCs 
equipped with CD-ROM drives in 
Europe but Mirrorsoft and Pergamon 
are just testing the water in an attempt 
to gauge consumer reaction to the hi-fi 
audio possibilities in computer 
entertainment. 

The UK retail price should be 
£49.95. 


Contact Pergamon Compact 
Solution, 66 Shoe Lane, London 
EC4P 4AB. Tel: 01-377 4918, 


oT 


GOLDEN 
OLDIES! 


any thanks for Mr Linsley 
Hood's hearing aid design in 
your January issue. As a pensioner 
myself with rapidly receding aural 
capabilities, | especially appreciated 
his recognition of the generally held 
belief that pensioners bereft of sound 
are also bereft of mind, and that deaf 
does not necessarily mean daft. 
Indeed the use of Walkman head- 
phones as suggested might hoodwink 
the youngsters into thinking us trendy 
hip-hop veterans. 
More life to us golden oldies! 
All the best. 
George Lawton 
Cowplain, Hants 


READ\WRITE 


RESISTOR REMINDER 


Delighted to be of service. You could 
even mix a Walkman feed with the 
amplifier output and have your 
boosted conversations backed up by 
the latest Kylie classic. Or maybe not. 


KIT C 


FINE. BUT TM WORRIED 
ABOUT THE GATTERIES. 


Re the excellent little circuit 


for slow lamp turn-on in 
February's Blueprint, it may interest 
readers to know that lamps can also 
be saved from switch-on stress by 
wiring a suitable thermistor in series 
with them. 

An appropriate thermistor (Radio 
Spares 151-108, for example) has a 
cold resistance of a few tens of ohms, 
falling to around one ohm when hot 
and can have a maximum current of 
an amp or more. They typically cost 
about a pound, 

At switch on, a lamp has a very 
low resistance which only increases as 
it heats up. This means that.a high 
surge current flows through the 
filament and this is the prime cause of 


BATTERY 
BOOB 


Ithough the ETI Cell Guide inthe 
January issue is a useful item 
which I will be making good use of in 
the future, | am confused by the 
column headed ‘Maximum. Over 
Charging Voltage’ — for primary cells, 
Can these then, all be charged? 


Peter Chear 
Handsworth Wood, 
Birmingham 


Well spotted, that man. Yup, a bit of 
a boo-boo, that one, Bill Higgins 
submitted his table with the column 
labelled Maximum O/C Voltage 
which in a fit of pique, we interpreted 
as over charging’ when of course it 
should have been open circuit’ — the 
voltage the cell will supply without a 
load. 


ALL 


ageing and failure. The thermistor has 
a high resistance at switch-on, 
decreasing as it gets hot. Between the 
lamp and the thermistor, the current 
is kept in check all the time. 

For a one pound investment, this 
(world’s smallest?) circuit can add 
years of life to expensive projector 
bulbs, flood lamps, and even your 
humble 60W! 

Ken Wood 

Ipswich, Suffolk 


Sneaky one that, but a rather good 
idea. Don't tell the light bulb manu- 
facturers though or they'll find a way 
of burying the idea (can't have light 
bulbs lasting more than the ‘longest 
possible’ 1000 hours now, can we?) 
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ou wouldn't have guessed it from 
the British press but last year saw 
a giant leap forward into space. 

Aleap, thatis, for most developed 
nations (and afew undeveloped ones) 
with one strange exception — the UK. 
There is good reason to suspect that 
this year will be just as memorable — 
and every bit as saddening to space- 
conscious citizens of this country. 

The single most visible item of 
1988 was the successful relaunch o' 
the Space Shuttle, putting the US 
firmly back in the space business. J 
as epic was the second launch of the 
Soviet Energia booster carrying their 
own Shuttle, which firstreports suggest 
may actually be a better thought-out 
heavy-lift system than the Us space 
Transportation System. ae 

Europe clocked in w 
successful launch of its highly ff 
Ariane 4 commercial boostée 
looks wellset forthe lift-off of t 
rated Ariane 5 in the late 199 

More to the point, these dev 
ments and others were underlin 
the commitments of national gove 
ments to back them up and devel 
future systems. Early in the year, 
US Senate guaranteed (against al 
expectations) funding for the inter 
national Space Station, and NASA 
decided to go ahead with the National 
Aerospaceplane, the successor tothe 
Shuttle. 

The Soviet Union underlined its 
commitment to a Mars landing by first 
launching its ambitious Phobos mis- 
sion to explore the surface of the 
Martian satellite, then placing two 
cosmonauts on its Mir space station for 
arecord-breaking stint in preparation 


INSIGHT 


eviscerated the ESA science pro- 
gramme. Unableto take any more, Roy 
Gibson, head of the hamstrung British 
Space Centre, resigned in disgust. 
So what exactly is our problem? | 
can understand, though notcondone, 
the then UK government's decision not 
to pump any more money into the 
‘Black Arrow launcher 25 years ago. As 
for the lengthy Mars mission. aresult, Britain threw away, of course, 
In Europe, France confirmed 
details of its Hermes mini-shuttle, whilg 
announcingitsreadine 
on the project if 


re was some excuse, 

p hpology in the 1950s 
and 1960s did lo a non-profit 
making enterprise. 
had envisaged @ 
% communication satellil 
to service the entireg 


00 million, having 
Q per cent during the past 
'w years. Germany is focussing more _ 2 
on launcher development, in direct, 
competition with the proposed us® 
hypersonic launcher. 

ESA, the European Sp 
Agency, has meanwhile outlined 
ambitious programme of space science. 
for the next decade, incl es 
mission tothe heart ofacom 
samples to earth. The cataile 
go on and on and ff 
performers as impoys 
which-announced it 


's to Hotol (Britain's contender in 
spaceplane stakes), allocated a 
altry space budget of £120 million 
SS than a third of the Italian 
ent) and refused all partici- 
pation inthe e Ariane programme and 
in Columbu$;.the European Space 
Agency's contribtition to the Space i 
Station. in spa ; 

Britain also arrogantly attempters For the person on the street, the 
unsuccessfully, togetitsESApartners whole business of science and tech- 
to emulate it, which would have nologyseems tobe regarded asirrele- 


d-looking 
loss of 


Arto be interested 


ee leadin Jauncher development 


th 
‘two cultur 
| até the 


vant, if it's considered at all. 

A worrying survey, recently pre- 
sented to the American Association for 
the Advancement of Science showed 
that about a third of the British 
population believe the sun goes 
around the Earth and demonstrated 
that Brits are considerably less 


. scientifically literate than their US 


cousins. 

Less than athird of usknow that an 
electron is smallerthan an atom — the 
figure forthe US was nearer to half. The 
odd thing, however, was that the 
British were more prepared to support 
government science funding. 

In the light of these patheticresults, 
it’s not surprising the government can 


get away with whatever it wants. It 
wdooks as though British technical 


ucation is simply dropping way 
d that of the rest of the world — 
ast. 
his doesn't mean, though, that 
cannot understand the effects 
g immediately useful tech- 
e NHSkidney machines and 
canners. It does mean that we 
gly misunderstand the benefits 
h and development — our 
p for the future. 
‘Maps are no longer enough. 
@@oing to have to start treating 
Whole of the Solar System as an 
exténsi@n of our own planet, and tobe 
aware that out there is quite possibly 
wher@ our future resources — and 
population — will exist. 
#ts nota vision of the future that the 
Brltish are in any way equipped to take 
1 board — the only bright light at the 


end of the Chunnelis our membership 


of the EC. Although Britain did its best 
to hold back it partners in ESA, let's 
hope that Europe willbe nice enough 
to help us out of the deep pit we've dug 
for ourselves, 


Fin Fahey isa freelance journalist, 
amember of the British Interplanetary 
Society and a suspected Vulcan. 


Annual European Conference On Fibre Optics — March 16-17th 
Kensington Palace Hotel, London. Contact Frost and Sulivan on 01-730 3438, 
Cable And Satellite 89 — March 16-19th 

Olympia, London. Contact Montbuild on 01-486 1951. 

Corporate Electronic Publishing Systems — March 21-23rd 
Olympia, London. Contact Cahners Exhibitions on 01-891 5051. 


DIARY 


Radiowave Propagation — March 5-10th 

Danbury Park Management Centre, Chelmsford, Third IEE vacation school. 
Contact IEE on 01-240 1871. 

Artificial Intelligence And Robotics — March 7th 

IEE, London. Lecture by Prof J. M. Brady. Contact IEE on 01-240 1871. 
Patents In Practice — March 8th 

Institute of Civil Engineers, London. Seminar organised by Institute of Physics. 
Contact the Institute on 01-235 6111. 

HDTV — March 13th 

IEE, London. ‘Progress towards HDTV’ colloquium. ‘HDTV: How and when’ 
meeting. Contact IEE on 01-240 1871. 

Magneto Optical Data Storage And Recording — March 13th 

Cafe Royal, London. Conference on this blosoming technology. Contact IBC 
Technical Services on 01-236 4080, 

Cadcam 89 — March 14th-16th 

NEC, Birmingham. Contact EMAP International Exhibitions on 01-404 4844. 
Document Image Processing — March 14-16th 

Queen Elizabeth I] Centre, London. Contact Blenheim Online on 01-868 4466. 
Internepcon Production — March 14-16th 

NEC, Birmingham. Contact Cahners Exhibitions on 01-891 5051. 
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Open Systems — March 21-23rd 

Queen Elizabeth II Centre, London. Contact Blenheim Online on 01-868 4466. 
Connectors 89 — March 23rd 

Crest Hotel, Walsgrave, Conventry. Contact A F Hayes & Co, (0533) 881208. 
How To Be A Successful Failure — March 30th IEE, London. Musical 
evening. Contact IEE on 01-240 1871. 

IEE National Conference On Telecommunications — April 2-5th 
University of York. Contact The Institute of Physics on 01-235 6111 
Graphic Display Devices — May 8th 

IEE, London, Colloquium. Contact IEE on 01-240 1871 

Advanced ADC And DAC Techniques May 8th 

IEE, London. Colloquium. Contact IEE on 01-240 1871, 

Automan — May 9-12th 

NEC, Birmingham automated manufacturing show, Contact Cahners 
Exihibitions on 01-891 5051. 

Inspex 89 — May 9-12th 

NEC, Birmingham. Quality control exhibition. Contact (0234) 4003. 
Packet Video — May 16th 

IEE, London. Colloquium. Contact IEE on 01-240 1871. 

Energy 89 May 16-18 

NEC, Birmingham. Contact Emap Maclaren on 01-660 8008. 


Bill Bains racks his 
brain for signs of 
artificial intelligence 
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THE BRAIN WAVE 


hat is Artificial Intelligence? Let's 
make one thing quite clear at the 
start. There is no such thing as 
intelligence. Come to that, Al 
workers have begun to doubt that 
there is such a thing as artificial, either. That has not 
stopped a flood of products and ideas about Al, a 
wealth of programs which run chemical plants and 
plan road networks and advise doctors and chat in 
reasonable English. However, they are not intelligent. 

Why do Al workers suspect this? Because every 
time they have found agood definition of intelligence 
(as opposed to one that boils down to ‘Intelligence to 
what I am, and you are not, they write a program 
which fulfills it. The sceptics then all say ‘Oh, that’s not 
what we mean by intelligence’, and everyone starts 
again. 

Far easier, then, to assume that intelligence does 
not actually exist. Working from that point, then, what 
is Al all about? 

That depends on when you ask it. Every ten 
years the sceptics decide that what Al workers used 
to think was Al is actually just programming. You get 
a quite different answer every ten years. So, let's start 
from the beginning. 


40 Years Ago 


What was Al 40 years ago? Well, about then a lot of 
boffins (later called scientists, then electronic 
engineers) released from the war effort realised that 
they had to hand some very powerful electronics with 
which they could do calculations. Indeed, they were 
so good at it that they beat human calculations hands 
down and that led the boffins to ask what whether they 
could beat humans at anything else. Maybe they could 
even think? 

Ah, but is thought a feature of brute machines, 
or is it something aetherial, beyond reproduction of 
cogs and valves and things? The sceptics said that 
there was no way that anyone could produce a 
thinking machine, no matter how fast it did arithmetic. 
To the boffins such a challenge was like a red rag to 
arabbit — baffling but slightly intriguing. They put their 
minds to it and formulated the first theory of 
intelligence. 

Any problem can be stated as a problem 

in logic. Thus any problem can be solved 


by a program which can manipulate the 
symbols of logic. 

This approach eventually gave rise to the 
General Problem Solver (GPS) project. Its basis was 
the work done at the start of this century by Bertrand 
Russell on formulating mathematics as logic. He was 
concerned with such statements as ‘The King of 
France is bald’. The difficulty with this statement is that 
it is neither true nor false. The King of France is not 
bald but neither had he any hair. The problem is that 
the King of France is not anything. He does not exist. 
However there is no way of including this in our 
statement. 

Bert got round it by expanding the statement into 
one that goes ‘There is a class of people called ‘Kings 
of France’ and there is a class of people who are bald, 
and there exists a person X and X isa member of both 
classes’ (I have translated slightly). Now we see 
where the problem lies — there does not exist 
a person X such that . . . etc. Bert considered that, 
with enough thought, any query such as ‘Oh, why did 
you have to wear that ghastly jacket to dinner?’ could 
be formulated in these terms (‘There is a class of 
jackets. . ’), 

The new computers were ideally suited to 
manipulating such logical formulae, as each part of 
a formulae is either true or false and so its truth value 
can be represented by a single binary bit. So GPS and 
logicians and computer programmers struggled 
mightily with it for much of the 1950s until they 
decided that, while capable of some logical feats, it 
was far from General. 

Out of GPS, however, sprung two lines of 
programs. Manipulating truth tables turned into some 
spreadsheet software, where columns of data are 
sorted and transformed on logical rather than 
arithmetical grounds. The other line of programs 
ended up performing computer algebra. All the 
tedious stuff about gathering all the x’s on one side of 
an equation that we do at school can be done by 
computers now, as well as the expansion of such 
equations as 

y= (x—1) 
lots of deduction in trigonometry, topology and other 
branches of mathematical logic. This is not surprising 
really, because Russell's logical theories were only 
really successful in mathematics. 
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Fig. 1 The state graph of the cannibals and missionaries problem 
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The problem was that many problems that were 
solved by intelligent people were not just logic- 
chopping games. They involved choices between 
alternative actions based on their likely effects. Thus 
the second, 1960s version of Al: 

Difficult problems can be solved by 
breaking them down into sub-problems 
and then solving the sub-problems. 


Search 


This brings us to the theory of search. In general, 
‘search’ means how the computer hunts for the 
solution to a problem through a set of sub-problems. 
The ultimate search problem was the game of chess 
and so for quite a while a ‘really intelligent computer’ 
was one that could play chess. In part this is because 
chess is mind-bogglingly complex. We will choose 
another AI classic, the missionary and cannibals 
problem, to explain the principles. 

Two missionaries and two cannibals have to cross 
a river using a boat that will only hold two people. 
However, if the cannibals outnumber the missionaries 
on either bank or on the boat, the cannibals eat the 
missionaries. Rather than try to solve the problem by 
logical formulae, we break it down into a lot of sub- 
problems and try to solve them. Each possible state 
of the game is a sub-problem — the problem of what 
to do next. You can only get from one state to a few 
others. 

This can be described by a state graph. The 
current state of the game is described by some symbol: 
we will describe each cannibal with a @ and each 
missionary with an 4. The = represents the river, so 
& & © @ & represents one cannibal and one 
missionary on each side of the river. The © shows 
where the boat is. Only missionaries can row. 

The graph (or tree) connects up each state of the 
game by links describing how you get from one to the 
other (Fig. 1). 

Now, this is a very simple game but shows several 
of the problems of more complicated ones. The tree 
is abbreviated because several of the states (the 
underlined ones) are the same as ones we have found 
before. To avoid getting round these again and again, 
the computer must remember where it has gone. We 
must also be able to detect when we have got to the 
goal and detect when we have failed too. 

There are two approaches to doing this. A 
breadth first search means constructing all the possible 
moves on the first line, then all the ones you can make 
next, drawing the full width of each layer before going 
on to the next. The alternative is depth first which 
follows one line down to the bottom of the tree before 
starting another. The former is more sympathetic but 
takes longer. The latter is a better bet if you have some 
idea in which direction to head as you cut out a lot 
of tree-building, but it offers no advantage if you have 
no initial clue. 


For chess, of course, a breadth first algorithm 
would be hopeless — the full tree for a typical game 
might contain 10!#° states. So we need a depth first 
plan, guided by rules of thumb — heuristics. These 
might be that any move that takes command of the 
center of the board is preferable to one that commands 
the periphery, that trapping some pieces such as the 
opponent's queen is more advantageous that trapping 
the pawns and so on. The tree then becomes simpler 
(Fig. 2). And each ‘state’ actually encompasses a lot 
of moves and a lot of possible board positions. 

The theory of search has been most spectacularly 
successful in, well, playing chess. It is also useful for 
any situation where a program has to reach a final state 
via a number of intermediate positions, such as the 
manouvering of a robot around a factory floor or 
getting at the fifth box down in a stack of boxes, very 
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useful in automation. However, more complicated 
problems run across the combinatorial explosion — 
the way that the number of possible moves expand 
exponentially as the problem gets bigger. 


MOVE TO 
CENTRE 


ADVANCE RIGHT BISHOP ADVANCE TO OPPONENTS 
& SUPPORT WITH KNIGHT END & THREATEN CASTLE 


Fig. 2 Part of the state graph for chess 


Chess suffered from this too but in chess there 
are many heuristic rules, derived by human experts 
from years of study, which can eliminate nearly all 
moves from consideration. In other problems this is 
not possible, as for example in the Travelling Salesmen 
Problem (Fig. 3). 


Travelling Salesman 


Here a travelling salesman has to visit each of N cities 
once only, visiting no city twice and returning to his 
starting point. What is the shortest route? Finding a 
route is easy but finding the shortest gets enormously 
hard because of the number of possible routes. Here 
a search approach could systematically try all routes, 
but it would take forever to do it. 

Travelling salesman do this sort of thing 
automatically, whereas chess players have to think 
about their moves and so can give a coherent account 
of why they choose one other another. So, what we 
really need is something that can not only search 
through various options (which is what searching a 
state graph is doing) but can evaluate them in the light 
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Fig. 3 The travelling salesman problem 
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of expertise. 

Thus we arrive at the third, 1970s version of 
Intelligence. 

Difficult problems are solved by the 
application of experience and expertise. 

This leads us into the realm of the expert system 
and the most obviously useful of Als results. An expert 
system is a program or group of programs which 
embodies expertise’ in some area — its domain’. 
Expert systems applications fall into three broad areas. 
Advisory systems are the most spectacular, advising 
on medical diagnosis, taxation, pension schemes, 
house-buying, configuring mainframe computers and 
the like. 

Checking systerns are used in clerical and 
ordering roles, checking, say, that the order for four 
tonnes of elephant manure can be met by the number 
of elephants in stock at the moment. For ordering the 
components to make, say, a satellite this is no mean 
feat. 

The third area is in real-time monitoring, where 
the system integrates a large number of inputs to 
produce a single advisory output. usually of the ‘help’ 
variety. This latter has been used in army in battlefield 
evaluation systems. 

Big expert systems are remarkably good — the 
MYCIN system, which advises on infectious disease 
treatment, is as reliable as an experienced hospital 
intern. However, a lot of extreme cleverness in three 
areas is required to get to this point. 


Rules- 


The first is the rules base. Nearly all expert systems 
are rules-based systems. in that their expertise is based 
in some way on rules. MYCIN, one of the early 
successful systems, had the rules written in Lisp, the 
world’s most unreadable ‘high-level’ computer 
language. They are of the form known as ‘production 
rules which are a list of conditions and an action to 
take if the conditions are all met. They are usually 
heuristic rules because they embody something that 
we have found to be so, not something that is logically 
necessary. Thus they might list the chance that a given 
set of symptoms are associated with infection by a 
particular bacterium. 

Lisp stands for List Processing language, and was 
invented by Al pioneer John McCarthy in 1958. It has 
the advantage that it is enormously flexible and so any 
sort of knowledge can be described in Lisp using some 
suitable symbology (Lisp is meant to be a very difficult 
language, which is why Al researchers do not like you 
to mention that it is amazingly like Logo). 

Recently programmers have been shifting more 
to Prolog as their language for this knowledge 
engineering, not because writing the rules is easier in 
Prolog but because making them work for you is much 
easier. 

This brings us to the second problem, the 


problem of inference. Having a huge amount of data 
in acomputer is one thing — getting anything useful 
out again is quite another. This is the job of the 
inference engine, the part of the system which checks 
to see which rules are actually true given its data and 
hence what conclusions it can draw. This is where 
Prolog scores because it is a language written around 
predicate logic, a form of logical calculus {just as 
Fortran is written around arithmetic. so making 
arithmetical calculations very easy}. This means that 
stating logical rules in Prolog is a doddle and ‘adding’ 
them together with data is also simple. 

An example? Certainly, Sir. Let us outline an 
expert system for finding out why your hi-fi is making 
no noise. This is the simple version, for people to 
whom IC1 is a misprint for ICI. First, the rules, 

1) If the speakers are turned off then no noise will 
come out. 

2) If there is no power then no noise will come 
out. 

3) If it is not plugged in then there will be no 
power. 

4) If the power supply is blown then there will be 
no power, 

5} If the transformer is smoking then the power 
supply is blown. 

6) If the rectifier is smoking then the power supply 
is blown, 

7) If the fuse is blown then there will be no power. 
That will do for now. To start, we observe that even 
our ‘Saxon’ CD will not produce any sound, So the 
initial observation is that no noise comes out. In the 
most common method, called backward chaining, the 
system, takes one of the possible explanations for this 
and then works back to check if the data actually 
support it. 

In this case, we chose rule 1 and the system then 
asks 

Are the speakers turned off? 

> No (we reply). 

So rule 1 ‘fails’ and we have to go back to the start 
(backtracking) — something easy to Prolog and 
LISP). The other possibility is now invoked — rule 2. 
Is rule 2 ‘true’ — does it fit the facts to explain the 
silence? More questions: the system postulates rule 
3, and then checks for data: 

Is it plugged in? 

>Yes. 

So rule 3 fails but rule 2 might still hold, so we 
backtrack to rule 2, not right to the start. Keeping track 
of where you are among the rules is what makes 
Prolog clever. 

>Is the transformer smoking (It postulates rules 
4 and 5) 

>No (Rule 5 fails, backtrack to rule 4) 

>Is the rectifier smoking? (Postulate rule 6) 

>Yes 

> Your power supply is shot. (Found that rules 2, 
4 and 6 apply) 
and there you are, another success. 

The alternative to this is forward chaining, which 
takes all the data and then filters out the rules that can 
apply to it. This is more systematic but often you do 
not know what data you need before you start 
reasoning. 

You can incorporate uncertainty into the logic by 
using probabilities or fuzzy logic instead of a true/false 
dichotomy to characterise each statement. Inference 
becomes more complicated but can cope with state- 
ments like ‘There is a bit of haze round the transformer 

. | which do not seem too sure. MYCIN uses pro- 
babilities in this way, using Bayes Theorem, 

So far this is easy programming and you could 
probably do it yourself in Basic, let alone Lisp. The 
third problem is the big one, though. Where does that 
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expertise come from and how do you store it? 

The last part first. Rules are fine for simple 
diagnostic tests but are very cumbersome for dealing 
with more complicated subjects. Imagine a system for 
identifying animals. There would be a vast amount 
of repetition if we used rules to identify each one: 

IF — It is bipedal AND it has binocular vision 
AND it has no feathers AND it has little hair THEN 
it is a human. 

IF — It is bipedal AND it has binocular vision 
AND it has no feathers AND it has little hair AND it 
has claws then it is a plucked chicken. 

Very wasteful, which is why a lot effort is put into 
identifying good database structures for all this 
information such that the attributes of a plucked 
chicken are automatically called up by asking about 
chickens or, conversely, that asking about biped 
animals that have no feathers or hair automatically 
generates a shortlist of humans, chickens, 
tyrannosauruses, etc. As there is no consensus on this 
one and as several of the database structures are 
almost exactly the same apart from the words used 
to describe them, let us just list them quickly. 

Heirarchical databases arrange things so that 
there is an entry for mammals. then a sub-entry for 
primates that shares all the mammal entry and has a 
few more specific items of its own, then an entry for 
humans that is more specific and so on. Easy to write, 
but has problems with exceptions to rules. 

Semantic nets (Fig. 4) are pictures a bit like the 
graph in Fig. 1. Each concept is linked to any other 
concept it is related to, so travelling down the lines 
automatically gets you to related subjects. Nice idea, 
hard to do, 

Frames and Scripts (Fig. 5) are like blank forms 
— there is a memory form for ‘Planets’ with slots for 
‘mass, ‘number of crashed space-probes’ and so on 
into which you fill your data. This allows you to know 
what to expect but again copes poorly with 
exceptions. 

Object-Orientated Programming is the latest 
craze — databases are oriented around objects (cats. 
dogs. Saturn, the GNP) rather than properties. What 
this means in practice is still unclear. None of them 
do as well as a trained gerbil. 


Expertise 


The other aspect of the expertise problem is putting 
expertise into the system. This is troublesome in two 
ways. Firstly, it is very difficult and boring to do. Expert 
systems cannot go out and get expertise — they must 
have it fed into them. Very sophisticated ones can find 
some gaps in their knowledge and request that you 
fill them but nothing you could buy would do this. So 
you must go round asking people all about infectious 
disease, or power amps, or budgie breeding. 

Often this requires you just to watch someone 
doing something — mending their car, sexing their 
budgie or whatever, and asking them at frequent 
intervals why they are doing that. Then you must code 
the result in the form the database requires. After that, 
typing it in is a minor chore. 

The second point is even worse. Much 
knowledge is not explicit knowledge, such as the 
definition of a disease in a medical text-book, but is 
tacit or hidden knowledge, such as knowing just what 
a ‘rash is. / know what it is, but [am sure that no-one 
ever tried to define one for me. If told you to put your 
shoes and socks on, you would automatically do it in 
the reverse order (despite the fact that it is quite 
possible to put your shoes on and then put your socks 
on) because, well, you would look daft otherwise, 
wouldn't you? 
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We learn these things by example and 
experience, and consequently often de not realise that 
we know them, let alone exactly what it is that we 
know. 

This shows up in expert systems in two ways. 
First, crucial knowledge may be just missing. It works 
fine when it is used by an expert because, of course 
(ha ha}, no-one in their right mind (ha ha) would ever 
think of trying to treat a Treponema infection with oral 
ampicillin! Ha, what a laff — until you unleash your 
expert system on some GP who is a little shakey on 
what Treponema actually are. Consequently, most 
expert systems are only really useful as prompts for 
other experts, 

The other way this shows up is in default 
reasoning. In expert systems, tacit knowledge is often 
hidden as default reasoning — conclusions which are 
drawn if no other ones can be drawn from the rules. 
Quite often these defaults are not even stated as rules 
at all but are hidden in the mechanics of the inference 
engine. The programmer has assumed (maybe 
unconsciously} that the defaults are correct. If you are 
not an expert in the area or if you want to challenge 
the assumptions then such ‘hidden knowledge’ makes 
using the system very difficult. If my expert system on 
rose pruning suddenly recommends that I buy a 
bulldozer, I might be loath to take its advice. If it can 
explain its reasoning it might convince me. This is the 
job of the explanation system. 

In theory, such a system is simple, it just keeps 
track of all the rules that ‘fired’ in coming to a particular 
conclusion. The result is rather like a machine-code 
dump of a Fortran program in its intelligability, so 
many expert systems have explanation systems 
attached which translate such ‘traces’ into English. 

Their degree of success depends not only on the 
quality of their English but also on how much of the 
reasoning is hidden — the dreaded tacit knowledge. 
For example, my expert system might have built into 
it the assumption that if it could not decide what was 
wrong with your roses you should give up and try 
geraniums. Hence the bulldozer. Getting the 
explanation system to reveal this default logic is tricky. 


Language 
This brings us back to the problem of input, both of 
rules and, when it is full of rules, of queries. Many 
commercial expert systems claim to be able to 
understand English, but they cannot. They 
understand such formalised, stilted English as: 
Query: count the samples from the location 
Birmingham. 
rather than 
So how many lorries do we have in Birmingham, 
then? 
Al has a poor record of getting computers to 
understand ‘natural language’ (English, Russian, 
Scouse) as opposed to artificial languages (Fortran, 
Lisp and the like, which they should be able to 
understand as these languages are designed for 
computers). Because we can do this, and computers 
cannot, this has been one of the two 1980s definitions 
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Fig. 6 Deep structure (or parts of speech) 


of Al: An intelligent system is one that can 
communicate in natural language. 

It has the major advantage that it automatically 
includes nearly all humans and no computers at all. 
Yet. 

One early English-language program was one 
called Eliza, which was a psychiatric consultation 
program. It would scan your sentence for key words, 
and then re-use them in its own sentence. Just like 
a half-asleep psychiatrist, in fact. When no obvious 
prompt suggested itself, the program invited you to 
‘tell me about . . ’ Thus, for example. 

>I am really depressed 

Why do you say that you are really depressed? 

>Because my father doesn’t understand me. 

Tell me about your father 
and so on, This could result in ludicrous problems, 
however: 
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>I have terrible heartburn. 

Why do you think that is? 

>I have had kippers for breakfast 

Tell me about had kippers for breakfast 
This approach was rapidly discontinued. 

Al people thought that they had language 
cracked in the early 1970s. Using a variety of 
grammatical theories coupled with the latest in 
database structures, a program called Shlurdu could 
converse in grammatical English about a box filled 
with geometrical shapes. The box was displayed on 
the screen and the computer identified shapes and 
moved them around under the user's control. Thus, 
for example: 

>Pick up the green pyramid. 

Which green pyramid do you mean? 

>The one on top of the red block. 

(Does it) OK. 

>Put it down on top of the red cylinder. 

(Does it) OK. 

>Is there a tower in the box? 

I do not understand tower. 

>A tower is any pile of two or more objects. Is 
there a tower here? 

Yes. The green pyramid on the red cylinder. 
and so on. It could keep this up for days and also 
explain the logic of what it was ‘thinking. However, 
the basis of the program was a mass of mixed theories 
and database structures which happened to work. 
When people tried to extend the program to more 
useful domains, they turned out not to work. 

So for the last 15 years it has been back to basics, 
to try for a Grand Unified Theory of language, one 
that would be the building block of a computer 
comprehension system. When a computer translates 
a computer language into machine code, it does it by 
aseries of rewrite rules. The symbol ‘X =’ is translated 
into ‘Load contents of buffer H into memory location 
pointed by buffer X’ (which is why sane people prefer 


‘X =’). Such grammars are largely ‘content-free’, that 
is what a symbol means does not depend on where 
in a program it lies. ‘SIN(X)’ always means ‘calculate 
the sine of X. 

A human analogue of this sort of language was 
tried and reached its most sophisticated development 
with Naom Chomsky who said that behind the surface 
structure of every sentence is a Deep Structure, which 
represents its internal representation in our brains. The 
deep structure is the same for all human languages 
and all you need to do to get from English to 
Japanese, or from English to the brain's own 
databases, is to rearrange the sentence according to 
set rules (Fig. 6). Thus: 

The cat sat on the mat. 
is split into subject phrase ((The) cat) and verb phrase 
(sat on (the mat)). The verb phrase is a verb and 
another noun phrase, the noun phrase consists of an 
article (the) and a noun (mat). Getting from one 
structure to the other is simply a case of replacing (the 
mat) with (noun phrase) throughout. 

Hang on, isn’t this terribly complicated Al stuff 
just the old ‘parts of speech’? Well, yes, a lot of Al 
natural language processing is actually parsing 
sentences to see what structural form they fit into. » 

The problem with this is that it assumes that a 
sentence can be parsed on the basis of its syntax alone 
without worrying about what it means — its 
semantics. It also assumes that the meaning of one 
bit is not affected by that of another bit, let alone by 
what the next sentence means. Alas, this is not true. 
Try saying 

‘| never said that he was a bad salesman’ 
with the stress on different words. No computer could 
tell what you mean from it unless it could understand 
the subsequent sentence which said “Rotten manager, 
yes, .. ” So much for context-free grammars. 

Having said that, fairly unambiguous and simple 
English can be understood by the descendants of the 
Al language research projects. They are often used 
as ‘front ends’ to expert systems, allowing the user to 
communicate with the system in something like 
English. Which is where we came in. 


Vision 


The other big area which traditional Al has bumped 
on is vision. Now, a two-year-old can pick out a 
stylised plane from a tangled picture containing 
dozens of objects in about three seconds. A Cray 
supercomputer, programmed with the latest software, 
would take 10 minutes to come to the same con- 
clusion — and might pick out a duck by mistake. 

This is a great embarrassment to Al and leads to 
our last definition of intelligence: 

An intelligent system is one that can 
see. 

(Non-Al apologists do not usually put it like that 
— they usually say ‘can match complex patterns, like 
the eye does’), 

The difficulty is not picking up a picture, which 
is done with a TV, but in identifying what is in it. You 
start with a digitised TV picture, usually reduced to 
black and white only, rather than allowing shades of 
grey. Discrete picture areas are identified by their 
edges. These are then smoothed to give shapes (Fig. 
7). Surface texture gives an idea of surface orientation 
and stereoscopic vision can give depth information. 
But where then? All you have is a series of lines and 
planes and, with luck, their orientation in 3D space. 
You then have to identify the objects concerned. 

How is it that we can instantly discriminate 
between a table and a fattish horse? Why are we not 
amazed when red buildings with wheels at bus stops 
suddenly start moving? In a nutshell, no-one knows 
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and no-one has managed to mimic it on a 
conventional computer, 

What they can do is apply pattern recognition 
techniques to a limited number of patterns and so 
discriminate between objects on a production line, or 
check the orientation of a part as it enters a machine. 
They can get an idea of whether a moving object is 
a person or a car (although a wolfhound would 
probably floor them). In short, like the language 
systems, when they are operating on a limited set of 
possibilities they work OK. 


Minds To Come 


So what of the future? The really successful ap- 
plications of Al—games playing (and its serious 
counterparts in automation) and expert systems, are 
going from strength to strength. Commercial expert 
systems’ often contain no more Al than a spreadsheet 
but this will change as research techniques in logic 
penetrate to the office. 

The real problem is that these systems are hard 
to use, partly because their output is incomprehensible 
but mostly because inputting data into them is very 
tedious. WIMPS methods (themselves a spinoff from 
Al) are more comprehensible for output but useless 
for input. So the next major jump must be in input and 
output format, and that means language 
comprehension and voice recognition. Then we will 
be able to babble at our computers, not just program 
them. 

It is no coincidence that the Japanese’s over- 
ambitious ‘Fifth generation computer’ project 
concentrated on these areas. Such things as 
manipulating shapes in 3D and constructing fractal 
landscapes, while showy and wonderful television, 
will have less impact on most of us. 

How this is going to be achieved in Lisp and 
Prolog is hard to see. However itis likely that massively 
parallel programming, especially in computers 
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modelled on neural systems (Fig. 8) will make some 
major advances, especially in pattern and speech 
recognition. Indeed, some Al researchers are now 
doing work on bits of natura/ neural systems, which 
may be ‘T but is probably not ‘A’ Neural systems will 
not do all that is claimed for them but as they are 
claimed to do everything from solve the nuclear 
stalemate to prove the existance of God, this is not 
very surprising. 
Their record on pattern recognition so far is © 

impressive. Professor Aleksander’s Wisard can do the 
aircraft recognition trick | mentioned above about as 


fast as a 2-year-old. 
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Fig. 8 Serial and parallel processing in conventional and neural net 
computers 


The nice thing about it for the ETI reader is that 
it is not clever programming that makes this possible 
but clever hardware and some simple programming 
to run it. There was a theory a few years ago that all 
you needed to understand English, or defend the 
USA against nuclear attack, was a hundred 
mainframe computers and a program that would 
stretch to the moon. However, Al has taken another 
course and changed the rules again. j 
The latest test of AI (propounded by the BBC, 
so it must be right) is that an intelligent system can 
appreciate a metaphor. This really is getting a bit 
rarefied, considering the performance of the average 
Sun reader. 
I prefer the definition of intelligence proposed by 

a disgruntled Al researcher several decades ago, when 
sheer number-crunching power was thought clever 
enough. It seems to get nearer the heart of what most 
people would call intelligence than anything else.See 
how near your micro, or even your toaster, is to this! 

And mankind at last built the ultimate 
computer, with more connections than 

in all the human brains in the world. 

They switched it on. And they knew at 
once that it was truly intelligent because 

no matter what problem they set it, no 

matter how difficult or arcane the 

subject, no matter the gravity of human 
suffering held in the balance by the flip 
of a circuit, the damn thing always found 

an excuse not to bother finding the 
answer. 
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Paul Chappell resists 
the urge to oscillate 
with the low down on 
stabilising op-amp 
circuits 


AMPLIFIER 
INPUT 
(GROUNDED) 


n last month's article [ introduced some of the 
basic concepts of feedback theory — loop gain, 
return difference and so on. This month Id like 
to pursue the topic a little further. 

To explain the idea of loop gain, I cut the 
feedback loop at various points, injected a signal into 
the loop'and looked at what came out of the other 
side of the cut. I didn’t specify the kind of signal] was 
injecting but let's suppose it was a sine wave. The 
situation is shown in Fig. 1. - 
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Fig. 1 The loop gain circuit 
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Suppose that the block A in Fig. 1 is a real op- 
amp. It is built only to amplify, so inside its black plastic 
case there are nothing but transistors and resistors. Is 
it reasonable to describe its operation by saying simply 
that it magnifies the input signal by a factor A? That 
is to say, can you assume that for a real (uncompen- 
sated) op-amp, it will simply amplify any old signal by 
an equal amount? 

For low frequency inputs, the description may 
not be far from the truth, but at higher frequencies the 
limitations of components in the circuit will begin to 
make themselves apparent. Although no reactive 
components have been deliberately introduced, they 
exist as integral parts of the various components of the 
IC. 


The result is that as the frequency of the signal — 


in Fig. 1 is increased, the loop gain will start to 
decrease and the phase of the returned signal will 
change. With any signal other than a sine wave, the 
shape of the wave would change too but a sine has 
the special property of passing through any linear 
circuit without a change in form. 

Just suppose that at some particular frequency 


my 
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the returned signal was reduced to exactly the same 
amplitude as the test signal by the fall in gain of the 
amplifier (Fig. 2). Why not close the switch, remove 
the test signal and let the circuit carry on alone? The 


Fig. 2 The oscillator circuit 


answer is — no reason at all! But if this circuit is both 
a feedback amplifier and an oscillator, how do you 
separate the two functions? How do you make a 
feedback amplifier that won't oscillate? 

You may think there's a pretty slim chance that 
in any practical circuit the gain would hit unity at just 
the same moment the amps phase shift was 180°, and 
you'd be right. But let's just think about the opposite 
side of the situation for a moment. If you were 
deliberately trying to make an oscillator, how would 
you go about it? 

The condition for the circuit of Fig. 1 or 2 to be 
an oscillator is that at the frequency of oscillation, the 
signal emerging from a cut in the loop should be 
exactly the same as the one that went in. In mathe- 
matical terms, the condition is ~AB = 1. (Since we're 
dealing with sine waves, you can think of A and f as 
complex numbers which represent both the gain and 
phase change at any particular frequency). You won't 
want to rely on chance to determine the frequency of 
oscillation, so instead of relying on A to provide the 
phase shift, you'll put some network in the B-box 
which gives 180° phase shift at the frequency you 
choose, well below the frequency at which the 
amplifier starts to add its own contributions. 

Now comes the problem of making the loop gain 
exactly equal to one at the frequency you've chosen. 
Exactly one? Not even a fraction of a percent out? 
What happens if it’s, say, just a touch less? If you have 
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a circuit oscillating merrily away and reduce the loop 
gain just a little below one, the oscillations will die 
away. This corresponds with the intuitive notion that 
the signal will get smaller and smaller on each journey 
around the loop until it's too small to see. 

Increasing the loop gain above one, on the other 
hand, will cause the oscillations to increase in 
amplitude — not to settle at a higher level but to keep 
increasing until something makes them stop. Banging 
against the power rails, perhaps. 

Setting the loop gain at exactly one, without the 
tiniest margin for error on, either side, is clearly 
ridiculous. Impossible. The upshot is that there’s no 
such thing as an oscillator based on alinear circuit! The 
ones which look asif they are, all have gainsset slightly 
higher than one. What happensisthatthe oscillations 
build up until circuit non-linearities come into play. The 
circuit then finds foritself a wave thatis not quite asine 
wave but will travel around the loop with exactly unity 
gain. The trick to designing an oscillator is to make this 
new wave as close to a sine wave as possible, which is 
most easily done by giving the circuit a gentle transition 
into non-linearity as amplitude increases — in other 
words, no sudden clipping. 

Just to avoid confusion, I’m talking here about 
the kind of oscillator that might make an unwelcome 
appearance in your amplifier circuits. There is another 
type of oscillator, the relaxation oscillator, which uses 
the active circuit element as a switch. Some examples 
based on op-amps are shown in Fig. 3. The amplifier’s 
linear characteristics are irrelevant to these circuits — 
they could equally well be made from logic gates. 
They are also unlikely to creep into your circuits by 
accident. If you want one, you have to put in the 
components to make it! 

Returning to the amplifier circuits, the situation 
is this. If the amplifier produces a 180° phase shift 
while the gain is still unity or above, the feedback 
circuit will oscillate. Is there any way to ensure that this 
won't happen? One way to be certain is to deliberately 
introduce a roll-off in the gain of the op-amp so that 
it reaches unity before all the unwanted (but unavoid- 
able) capacitors built into the IC make themselves felt. 

Introducing a single capacitor between collector 
and base of one of the driver transistors in the IC is 
avery common way. The capacitor introduces its own 
phase shift but although it approaches 90° at high 
frequencies, it remains far from the critical 180°. 

Although certain to produce stable amplifier 
circuits, this technique is not ideal. A single capacitor 
gives a gain roll-off of 20dB per decade {in other 
words, every time the frequency goes up by a factor 
of ten, the gain drops by 20dB). This roll-off rate 
doesn't depend on how the capacitor is connected — 
all you can change by altering the circuit is the 
frequency at which it starts. 

This means that for an op-amp circuit which 
would begin to introduce its own phase shifts at a few 
hundred kHz, the frequency chosen by the IC 
designer for unity gain might be 1MHz. If the original 
circuit had a gain of 100dB, this means that the roll- 
off in gain must start at only 10Hz! 

Some IC manufacturers go for a more subtle 
means of keeping the amplifier stable in an attempt 
to preserve more of the gain at higher frequencies. 
The NE5534, for example, being intended for audio 
use, must have useful gain at least into the tens of kHz. 
The compensation circuit used does exactly that but 
the trouble is that the op-amp produces a 180° phase 
shift before the gain hits unity. In other words, you can 
build quite ordinary two resistor feedback circuits 
around the IC and it will oscillate! 

Let's take an example. Suppose you have an op- 
amp which reaches the 180° phase shift while it still 
has a gain of five. How can you use it? Look at the 
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circuit of Fig. 1 again. At the 180° shift frequency (let's 
say its 200kHz) the A box will have a gain of five. As 
long as the B box has a gain of less than 4, the loop 
gain will still be less than unity, although the op-amps 
own gain isn't. Remembering that the demanded gain 
is 1/B, as long as the resistors are used to select a gain 
greater than five, the circuit won't oscillate. Try to select 
a gain of five or below and the loop gain will exceed 
unity and you'll have a 200kHz oscillator on your 
hands! 

Preventing the circuit from oscillating spontan- 
eously is not quite enough to make sure you end up 
with a well-behaved amplifier. If the loop gain is only 
marginally below unity at the 180° phase shift point, 
its transient response can still be pretty bad. If you 
apply a square wave, it can set up echoes’ around the 
loop (like the oscillator with loop gain set just below 
one) which die away after a few cycles. This shows 
itself as ‘ringing’ after each transition of the square 
wave. 

The worst effects are cleared up by making sure 
the loop gain is well below one when the phase hits 
180° and the phase is well away from 180° when the 
gain is unity and above. In the jargon, you give the 
circuit the highest possible gain margin and phase 
margin. 

Well, I promised many months ago to give an 
explanation of the capacitor in the op-amp and the 
reason for the roll-off in gain. At last I've got there. | 
hope you've found a few useful odds and ends to 
extract from all the theory. Don't expect an op-amp 
to give a gain of 1000 at 100kHz, for example! Beyond 
that, if you ever build an amp that turns out to be an 
oscillator, at least you won't be entirely baffled about 
the cause. 


Fig. 3 Relaxation oscillators 


zi 


Pat Alley presents the 
EASi way to the 


ultimate 


comprehensive alarm 


system 


22 


PROJECT 


EASi 


ires wires wires. The problem with 
modern burglar alarms is the wires. 
Wires for sensing, wires for sound- 
ing, wires to confirm, wires to deter. 
A never-ending reel of 4-core 
cable, all of which needs carefully hiding in order to 
avoid ‘decor pollution’ and the wrath of co-residents! 

So how about having a single 1mm _ wire 
connecting door and window sensors, pressure pads, 
ultra-sonics and infra-red devices, fire, gas, smoke and 
flood alarms, personal attack points and more. Does 
it sound a tricky problem? The answer is EASi. 


EASi 


EASi stands for Event Alarm System installation. 
Figure 1 shows the fundamental operation. A 
constant current is fed through the single wire loop 
around the house from a mains-derived power supply 
(with battery back-up). Across each door and window 
switch (normally closed) is a standard red LED. 

With all switches closed the resistance of the loop 
will be negligable in comparison with R1 and the 
voltmeter will read zero, For an open switch, the LED 
will drop something like 1.6V and the voltmeter acts 
as a totaliser indicating how many switches are open. 

Also the illuminated LED makes it easy to spot 
which switch is to blame — anyone with a loop alarm 
system will tell you how infuriating it is to open and 
shut every window and door until the alarm resets 
properly! 

The LED also assists a very important aspect of 
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Fig. 1 Fundamental concept of the EASi system 


burglar alarms, your sense of security. Every time you 
open a window, you see the system in operation as 
the LED lights — a psychologically satisfying 
side-effect, 

Another major advantage of the EASi system 
stems from the fact that the alarm triggers from the 
rise in voltage rather than from the crossing of a 
specified alarm threshold. This means that a window 
can be left open at night in your bedroom without 
disabling the whole system, as is the case in virtually 
all commercial designs. 


Things To Come 


Before we describe the main system in detail we 
should give you a taster of the many units we have 
to offer over the next few issues that can be used with 
the EASi loop. 

Apart from the central control and power supply, 
there is an entry/exit sensor, a fire sensor, a combined 
gas and smoke sensor, a panic switch, an ultrasonic 
detection system, a light detector, an intercom system, 
a freezer fault alarm and a moisture alert. Oops, nearly 
forgot the pressure mat and cupboard sensors, and 
the instructions for fitting side loops or for including 
garden sheds without jeopardising the internal 
security. Impressed? Now read on .. . 


The Control Box 


The heart of the system (from which flows all 
knowledge and current) is the control box, normally 
screwed to the wall inside the house. It is powered 
from the mains but uses a 12V back-up battery in case 
of mains failure. 

The control box has a loud internal siren which 
can be heard throughout the premises. The unit 
distinguishes between three types of alarm — hazard, 
intruder and event. Hazards include fire, floods and 
personal attack. Intruder alerts come from windows, 
doors and other burglar spotting sensors. Events could 
be anything from your freezer turning off unexpectedly 
to a potentially explosive gas concentration. 

A key operated switch selects between full, test 
and part. With full selected, all sensors are activated. 
The part option de-activates intruder alarms so that 
you can use your house as normal without turning off 
the alarm completely. Test prevents all alarms, checks 
the battery and displays the number of open sensors 
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Fig. 2 Circuit diagram of the EASi control box and power supply 


using the four display LEDs. 
The component overlay is shown in Fig. 3. 
Construction is reasonably straightforward, starting 
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- with the resistors and building up through to the higher 
components, IC sockets and variable resistors. Leave 
the ICs out for the moment. 
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All electrolytic capacitors and LEDs have their 
positive terminal facing the top of the board as 
indicated. 

The LEDs that appear on the front panel each 
have a space for a 6mm hole next to the solder points, 
through which the LED should pass, finally standing 
12mm proud of the PCB. Alternatively, with a bit of 
careful positioning these LEDs could simply be 
soldered in on the copper side of the PCB. 

IC sockets are highly recommended since there 
is plenty of room and the convenience far outweighs 
the cost. : 


Power Supply 


The power supply is on a separate board (Fig. 4). 
Again construction is straightforward — the PCB pins 
to connect with the mains terminal block should stand 
about 8-9mm proud of the board. 

The principle reason for keeping the power 
supply off the main board is one of safety, this way 
there is no chance of mains voltages appearing in the 
wrong place through a bridged PCB track. Asa further 
precaution put some form of insulation over the short 
copper track that carries mains. 

On the prototype the main circuit board was fitted 
to the lid of the metal case using plastic snap-on stand- 


HOW IT WORKS — 


offs, so that the PCB was about 10mm from the lid. 
This puts the LEDs in positions as shown in Fig. 5 and 
gives easy access to the terminal blocks for the sensor 
loop and alarm signals. 

Once you've decided on your case layout you 
can join the boards together (three wires, +, — and 
a link between R58 and R59) and wire in the 
keyswitch. Ribbon cable is of sufficient gauge for 
everything except the battery connections. For testing, 
the lid microswitch SW1 should be shorted out. 


Testing 


Do not connect the mains power yet, we can do 
preliminary tests without it. 

With the ICs and the fuses in place, set all pots 
around the middle of their range except RV2 and RV5 
which should be fully anti-clockwise. Place SW5 in _ 
the 5s position and fit the terminal blocks onto each 
PCB if you have not done so already. Label the mains 
clearly on the power board's block, preferably by 
colouring them. 

To test the system without wiring your house up, 
construct the breadboard test circuit shown in Fig. 6. 
The switches can be pieces of wire inserted or 
removed as required. 

Run a wire to each of the six main PCB terminals 
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as indicated (D and D' are common). Leave out R60 
(see Fig. 3) until after testing. Do not connect the 
mains! We can test quite happily using the battery. 

For first tests, connect a 220R resistor and an 
ammeter in series with the battery to protect the circuit. 
If the current rises excessively — to 40mA say — then 
there is something amiss. 

Otherwise you can proceed as follows, 
performing each test first with the resistor, then 
without, 
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e Set SW2 to full. With the limiting resistor there 
should be 24mA +10mA, with no resistance this 
should rise to 45mA with the same tolerance. Fault 
LEDs 3, 7 and 18 should light. 

e Set SW2 to part. Results as above except that 
LED8 is lit instead of LED7. 

e Set SW2 to test. With 220R, current should 
oscillate around 18mA+5mA. With the resistor 
removed this should rise to 25-30mA. 

If you're getting no results at all, make sure that 
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Fig. 3 Component overlay of the control box PCB 
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PARTS LIST — Control 


you have been taking into account the 6-8 second 
‘alarm inhibit’ period. The system prevents false alarms 
by automatically switching off briefly in any of the 
following situations: 

© after initial selection of SW2 to part or full 

after mains failure 

e when mains is restored 

¢ immediately following an alarm 

e with SW2 on test, all alarms are permanently 
inhibited, 

Now hopefully we are ready to connect the 
mains. Remove the ammeter and resistor and make 
sure SW3 and 4 are fully down. Now reconnect the 
ammeter between battery and power board but in re- 
verse mode so it will show a discharge. Use an 
ammeter scale of 5|00mA or more. 

Now connect the mains and switch on. The 
ammeter should show a positive reading between 
5-80mA, indicating that the battery is being charged. 
Switch off the mains and remove the ammeter, then 
switch back on. 

Note that as standard policy you should avoid 
powering from the mains without the battery in circuit. 


Calibration 


Moving back to the breadboard test rig, connect the 
ammeter across the first switch (A) and pull out the 
LED. Turn SW2 to part and open the test rig switch, 
Adjust RV1 to give 5mA as the loop current, then 
close switch A again. 
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Box and Power Supply— - 
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Next set the meter to read at least 35V FSD and 
open switch A again. The siren should leap into action 
for about 5s and then stop. The fifth LED on the 
breadboard should also illuminate — this is substi- 
tuting for an external alarm bell.’ 

When the alarm stops, check that the voltage is 
30V or more. The alarm for this open loop circuit was 
triggered via Q8 (read How It Works for the fullstory) 
so now turn RV2 clockwise until the break and volts 
fault LEDs (4 and 5) illuminate. 

Close breadboard switch A again, wait about 10s 
then open it again, making sure that the two LEDs 
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Fig. 6 The breadboard test circuit 
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illuminate steadily by turning RV2 clockwise while the 
alarm is sounding. The alarm was also triggered this 
time by IC2c, 

Close switch A, put its LED back and take out’ 
the meter. 


Playing Burglars 


Switching SW2 to test will turn off the alarm memory 


fault indicator, LED17. 
A 
SHORTING WIRE i 
8 


Fig. 7 The second breadboard test circuit 


Now pretend you are a burglar cutting the wires 
to your external bell by opening switch E on the 
breadboard rig for a timed alarm by internal siren. 
Notice that when you select test with SW2, LED17 
does not this time extinguish — alerting you to the 
bell’s disconnection, Close switch F to reset, leaving 
SW2 on test. 

Next simulate an open window or door (takes 
you right back to Play School doesn't it...) by 
opening switch A. Its LED will flash but more 
importantly the first of the test indicators (LEDs 13-17) 
should also have lit. Experiment with switches A-D 
and check you get the right responses. 

To demonstrate the auto-reset, turn SW2 to full 
and open any window A-D to trigger the alarm (don't 
forget the 6-8s inhibit time). When the alarm has 
stopped open another window. The alarm triggers 
again despite the circuit break in the other switch. 

Check mains failure by turning off the power. The 
mains indicator LED18 should activate. The alarm 
should not! Restore power and check the alarm still 
doesnt sound. 

Simulate shorting the anti-tamper loop to the 
sensor loop by closing switch F for a timed alarm. Note 
illumination of alarm, volts and short indicators (LEDs 
1, 4and 17). You will find that after the usual inhibit 
period the windows are still protected even though the 
alarm is shorted out. The fault LEDs tell-:you what the 


naughty burglar has attempted while you've been 
away and with SW2 on test you can locate the short 
by opening all the windows and checking the 
brightness of their respective LEDs! 


Test Rig 2 


Adapt your test rig to the circuit shown in Fig. 7. 
Adjust RV3 to give 3V DC (or as close as you can 


get) across R15 — next to the siren output on the 
circuit board. Set SW2 to part and open breadboard 
switch G to simulate an event’ alarm. This shwuld 
produce a modulated bleeping alarm, the volume of 
which can be varied by RV4. Note that with SW2 on 
part, the window and door alarms (A,B) are disabled. 

Close switch G, set SW2 to full and set off the 
event alarm again. Do not close switch G but open 
switch A or B as well to give a main.alarm, showing 
that the main alarm takes preference. 

If all that has worked then congratulate yourself 
on producing a fully operational EASi master control. 
Of course, it’s scattered all over your workbench at the 
moment, but the final product is in sight! 


Assembly 


In the prototype the control box top was drilled as in 
Fig. 8. The corner hole is to house the lid protection 
microswitch. A hole on the main case will also be 
required to earth from the power supply board. The 
other holes are for the internal alarm, 

Resistor R60, previously ignored, should now be 
fitted hanging precariously between terminals D and 
E. 

Then all that remains is the fitting into the chosen 
box using spacers to hold the PCBs solidly in position. 


Your Choice 


The position of D2 (see Fig. 2) is the result of one of 
those iffy questions — would the burglar be clever 
enough to earth an outside wire by driving a stake into 
the ground? This is I think unlikely but perhaps it is 
best to leave it to the installer. 

The only disadvantage of not earthing the loop 
is that if you ever did have to locate an open circuit 
with the probe to be described later, you would have 
to rewire the circuit to temporarily short D2. You have 
the option of soldering it in, leaving it out or shorting 
the gap. 

Another function you could remove is the ‘mains 
inhibit function — if you use no mains powered 


sensors you could remove this by omitting C18 and. 


C2i, 
Switch SW3, as you'll no doubt have gathered 
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by now, will remove the delay normally placed on 
event alarms for the purpose of experimentation. If 
you don't mind waiting the 10s that must otherwise 
elapse the switch could be omitted. 


Wiring The House 


With the completed control box screwed to the wall, 
you can start wiring up your house. If you are using 
an external bell then wire that up first with twin 
7/0,2mm wire connected to terminals D and E. If you 
are not using such a bell, you must leave resistor R60 
across the terminals. 

Also if you are not using an anti-tamper loop you 
must short between terminals A and B. 

When you start running the wire around the 
house, always go the easy way. Don't restructure your 
house just to save fifteen feet of wire, and remember 
to make the most of carpets, cellars and attics. It is also 
a sterling idea to make a simple map of the route in 
case you forget later. 

Connect door and window sensors one at a time 
so that the continuity of the loop is assured and the 
direction of the LED will check that you are on the 
right path. 


Take It To The Limit 


The number of door and window sensors is unlimited 
but some of the EASi sensors to be described in 
forthcoming articles take power from the sensor loop, 
consuming something like 0.4V per sensor. To avoid 
the necessity of extra wires or batteries it is 
recommended the voltage dropped is limited to about 
6V-— about 15 sensors. Since such sensors are 
unlikely to be required in profusion (ultrasonics, light 
sensors, pressure mats, water sensors) this shouldn't 
cause a problem. 


Protecting Of Outbuildings 


The first of the major additions made asthe prototype 
developed was the protection of outside premises such 
as garage and garden shed by extending the loop across 
asmall module paralleled across the loop just inside the 
house (see Fig. 9a). 

The 5V1 zener, push button and LED form the 
House Protector unit (HP). Pressing the button will 
short out the zener and light the LED if any of the 
outbuilding door/window switches are open, thus 
saving a trip out into the cold. ° 

If the outside loop wire is broken, the main alarm 
will sound and hopefully the culprit will leave the scene. 
But even when the alarm stops the house remains fully 
protected by the maintenance of loop current through 
the HP, 

For those who feel the need to tamper proof 
outside buildings (access could be obtained by shorting 
both wires) it is possible to move the HP to the end of 
the house loop (Fig. 9b) and earth the loop wire 
through any mains earth. This willin addition tamper 
proof the control box since removing the mains plug will 
break the HP circuit and sound the alarm. 
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Fig. 8 Drilling of the case top 


After A Break 


In the unlikely event of the main house loop wire being 
broken, cut or eaten by rats, a positive voltage equal 
to the supply will set off the alarm. Thereafter the open 
loop circuit is unusable, 

Given the length of loop wire (300m is not 
unusual in a large house) a quick and simple method 
is handy to trace the break. This is the probe shown 
in Fig. 1 consisting of a sewing needle on a copper- 
clad board in series with an LED connected to mains 
earth. For complete safety we should advise turning 
off the house mains power. 

An iterative search rapidly homes in on the 
break. Start at the middle of the break and pierce the 
wire with the needle. If the break is between probe and 
earth, the needle provides an alternative source to 
earth and the LED will light. Move further down the 
wire and try again. 

If the probe doesn't light, go back towards R1. 

The length of suspect wire reduces exponentially 
— just eight tests take you from 300m to about 1m. 


That describes the basic EASi system. The 
profusion of sensors and expansions will follow next 
month. Until then, happy wiring! 
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All boards and modules for the 
EASi alarm system are available 
in kit form. Full details and prices 
will follow in next month's article. 


Fig. 9(a) Use of the house protector module (b) Alternative position for the module 
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John Jameson’s front 
door greets visitors 
with a blood curdling 
scream, a fanfare and 
the chimes of Big Ben 
thanks to his ingenious 
sampler doorbell 


DIGITAL DOORBELL 


his project provides you with the means to 

have a totally unique doorbell. Almost any 

sound effect lasting up to three seconds 

can be emitted at considerable power 

whenever a visitor calls. If you have several 
doors, you could build several units and have them 
announce Front Door, Back Door or you could 
sample the neighbours’ bloodhound and frighten the 
wits out of your postman. 

The possibilities for such a project are limited only 
by your imagination. Slightly modified, the unit could 
even find uses in electronic music, as a simple but 
versatile drum effect. 

To make things easy for you, the author has 
arranged to provide a range of sound effect ROMs, 
and a tape to EPROM service (see Buylines) so you 
won't need a sampler and an EPROM programmer 
to build the project. 


Fig. 1 Block diagram of the Digital Doorbell 
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Construction 


The project is constructed on a 4x 4in double sided 
PCB with only the loudspeaker and the power and 
bell push sockets mounted off the board. This design 
is simple enough to build up completely before testing, 
provided you have the proper PCB. 

Start by making the through-hole connections 
or ‘vias’ first. Don't forget the ones under the EPROM. 
Next insert then solder in the six pins used to make 
the external connections and add the passive 
components. The ICs should go in last. 

Only the EPROM need be mounted in a socket. 
1C3,4 and 5 will have to be soldered in as their legs 
make further through-hole connections. These are 
CMOS devices so take the usual anti-static 
precautions of earthing yourself and everything else 
in sight when doing this. 

If you house the unit in the recommended box, 
the PCB will be glued in, so it is highly advisable to 
test it thoroughly and get it working on the bench. A 
15V DC power supply will do just as well as AC for 
testing so you can use your bench supply. Initially, 
power the unit up without an EPROM inserted. 
Several simple tests can now be made. 

First and foremost, check the 5V supply is 
present. The output from the DAC, IC6, should be 
at around 2.5V (it is seeing &OFF on its inputs) and 
the output of the LM380, pin 9, should be at about 
7-8V. Switch off, insert a programmed EPROM, set 
the DIP switches as detailed in Table 1, set RV1 at mid 
range and switch on. 

If all is well, the unit should emit the sample and 
go quiet. Triggering the unit by shorting the bell push 
terminals should cause it to emit the sample once and 
stop. . 

If you get nothing, use a crystal earpiece or a 
scope to trace the fault back down the analogue path. 
If nothing is coming out of the DAC, see if data is 
coming out of the EPROM. Failing that, check around 
the address counter and the clock. Highly distorted 
sound might simply be due to shorted address or data 
connections around the ROM. 

Once you have a working doorbell and assuming 
you are using the recommended case, drill a grid of 
holes in the top of the case for the loudspeaker and 
bolt it to the top (or glue it using Araldite or something 
similar). Drill two more holes at one end of the box 
for the two jack sockets. The prototype has the 2.5mm 
connector for power and the 3.5mm one for the bell 
push, though this is not at all crucial. 

If you plan to mount the unit on a wall, drill a 
couple of holes in the bottom of the case, and file them 
into keyhole shapes so you will be able to hang the 
unit On a couple of screws in the wall. 

Put the PCB in the bottom of the box at the other 
end from the mounting holes (so as to avoid the 
screws shorting things on the underside of the board) 
and measure up connecting wires to go from the PCB 
pins to the sockets and the loudspeaker. Wire up these 
connections, check everything and then glue the PCB 
onto the bottom of the box using Araldite. Finally 
screw the lid onto the box and wire up cables to your 
bell transformer and bell push. 

You will need a bell transformer with a 12V tap. 
Also, bear in mind that sticking a jack plug into a socket 
causes a momentary short, so turn the power off to 
the transformer while setting everything up. 
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Samples need to follow for the doorbell of your dreams. 

For the benefit of those readers who want to program Firstly, follow the normal procedure for sampling 

their own EPROMs, here is the procedure you will | asound on your sampler. If you want it to play back 
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Fig. 2 The full circuit diagram of the doorbell 
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Fig. 3 The component overlay for the doorbell 
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at its natural pitch, try to sample it at a rate of 1OkHz, 
or at least a multiple of that. You will then need to 
extract a binary dump of the sample. This is easiest 
if your sampler is home made and based on a home 
computer. 

Those of you who have built my Amstrad 
Sampler (ETI, September 1987) and have the full 
software, will find that the SMP file is a direct binary 
dump of the sample and is in the same 8-bit linear 
format used by the doorbell. 

The Spectrum Sampler (ETI, November 1985 
to July 1986) uses logarithmic ADC and DACs, so 
you will need to write a program to convert the data 
to linear form. 

MIDI sampler owners with a home computer 
based MIDI interface should be able to extract samples 
from their machines using the MIDI sample dump 
protocol. 

Having got a linear sample dump, the next job is 
to adjust it for the 10kHz playback. If you sampled at 
10kHz, you can omit this step. If you sampled at 
20kHz, then you need a program to average succes- 


ROM SW1 sw2 sw3 


27C64 ON OFF OFF 
270128 OFF ON OFF 
27C256 OFF OFF ° ON 


SW5 OFF — retriggerable mode 
SW5 ON — non-retriggerable mode 


Table 1 The DIP switch settings 


PARTS LIST — 


BUYLINES — 


! 


sive pairs of bytes, and for 30kHz, your program 
should average groups of three bytes. 

Once this is achieved, you now need to ensure 
the data is represented such that &000 represents the 
most negative value, &080 represents quiescent 
conditions, and &OFF represents the most positive 
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value. Again, Amstrad Sampler owners need do 
nothing here. 

Choose an EPROM type large enough to hold 
the data (8K, 16K or 32K) and then pad out the 
sample dump with &080 so as to fill the ROM. The 


first byte of the ROM should be &080 as well, so as 
to prevent a sharp click occurring at the end of the 
sound. 


Finally, transfer the data to your EPROM 
programmer to blow the device. 


| 


KINETOTIE 


Nobody seems to know why this has come about a8 

but the strange thing is that the converse would be 
found if a survey of ties on the streets of Washington (_) 
DC (or any other place in the US for that matter) were 
to be carried out. ; 

Indeed, two separate standards have emerged 
and the well dressed, well informed gentlemen in 
either the UK or the USA would not dream of wearing 
a tie with the stripes running in the wrong direction, 
would you? 

At ETI we are frankly appalled at the declining 
standards of dress in recent years. Although only in 
small numbers, American ties are making their way © 
to this side of the Atlantic and have even been worn 
by otherwise perfectly attired, bowler hatted, pin stripe 
besuited English gentlemen! 

It is felt that public awareness of this problem . 
should be highlighted and we have considered lobby- Mik e Bedford dons 
ing our MP to push for a total embargo on their im- suitable Lar b for the 
portation. However, such a solution would be un- foo lis h season with an 
acceptable to the frequent trans-Atlantic traveller who 
doesn't wish to stand out like the proverbial sore thumb ETI first — the truly 
in either continent. Electronics has come to the rescue! pan -Atlantic tie © 
We believe that in not too many years time an 
announcement like this may be commonplace on 
trans-Atlantic flights. “Ladies and Gentlemen. We are : 
about to start our final approach to John F. Kennedy 
Airport. We would advise passengers that the local 
time is now 9.32 am. Gentlemen are also advised that 
since we are entering a North American tie zone, all 
neck ties should be switched accordingly” 


ave you ever taken a really good look 
at striped ties? Have you ever noticed 
that there is one aspect in which these 
ties hardly ever differ? Certainly they 
differ in width and the stripes also vary 
from the very wide to the very narrow, They may be 
in the colours of the regiment, the school, the com- 
pany, the sports team, the university or the society and © 
the stripes may be interspaced with emblems or coats 
of arms. So what is this mysterious invariant feature? 
Well, if you do take a good look at a number of 
ties in the street, I'd be very surprised if many had the 
stripes running from top left to bottom right (looking 
towards the wearer). Yes, virtually all the stripes run 
along the same diagonal. 
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HOW IT WORKS 


Yes, we are entering the era of the electronic multi- 
mode tie. 


The Kinetotie 


Originally conceived as just a dual mode (UK/US) 
striped tie for the frequent traveller, it soon became 
obvious that this was limiting the potential of the 
electronic tie. For the cost of just a handful of extra 
components the tie described here boasts 16 modes, 
each of which can cycle through 16 different states as 
controlled by the programming of an EPROM. 

The programming information presented here 
includes the original UK and US modes (since all the 
16 states for a particular mode can, of course, be the 
same) plus 14 kinetic modes. It's questionable just how 
many people will have the guts to wear this tie in one 
of its kinetic modes on the 7.45am from Surbiton but 
it certainly provides a conversation point at parties. 
How many other people do you know with an 
electronically programmable tie? 


Construction 


Before building up the main PCB, you'll have to make 
a decision. This board has been designed so that it 
may either be built up as a single piece (which is easiest 
but results in a totally rigid tie) or may be split into up 
to six sections (this takes more effort but the end 
product is more flexible). If the board is to be split, it 
should be sawn along any of the dotted lines shown 
on the component overlay (Fig. 2). At each split point 
a number of flexible wire links which act as hinges 
need wiring to the pads provided. The photographs 
of the prototype Kinetotie show that is has been split 
at just the centre position. 

Apologies for stating the obvious but do make 
sure the LEDs are inserted the correct way round. It 
is suggested that all LEDs along a single diagonal are 
inserted and then the bodies of this row of compo- 
nents is firmly clamped in a vice prior to soldering. This 
gives the opportunity to ensure that the stripes are 
perfectly formed without gaps. 

Both the anode and the cathode leads (but 
particularly the cathode) have ‘collars’ to provide 
stand-off from the PCB. For this project the LEDs are 
to be fixed as close to the board surface as possible 
to make the tie as thin as possible (it will still be quite 
a high profile tie!). If the holes in the board were made 
big enough for the collars to pass through there would 
have been virtually no pad left. This being the case, 
you'll have to use a file on the LED leads before 
positioning them on the PCB, 

Now to the links. There are a number of ordinary 
wire links on the component side of the board and 
nothing more need be said about these. Because the 
rows of LEDs occupy the full width of the PCB, 
however, not all the required links could be accom- 
modated in this way. This being so, there are a number 
of links which need wiring to the track side of the 
board. These are shown on the component overlay 
as letters in circles, matching pairs of which are 
interconnected. So, (A) to (A), (B) to (B) through to 
(S) to (S) should be joined using insulated wire. 

Nothing else concerned with the true electronic 
construction need special attention. Now the inserting 
of the PCB into the tie. Starting at the fat end, the 
stitches on the back of the tie should be unpicked for 
the length of the main PCB so that the back may be 
opened up. If the tie is like the one I used, you'll find 
a piece of white gauze material inside which should 
be cut off at the point the tie has been un-stitched to. 
Failure to do this will cause the stripes to diffuse on 
illumination and hence not be well defined. Matching 
lengths of self adhesive Velcro tape should be stuck 
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onto the two edges of the material at the back of the 
tie so that it may be firmly fastened round the PCB. 

A final note on putting the tie on. It will prove 
totally impossible to tie the tie in the normal manner 
with a PCB stuffed inside it! It is suggested that the tie 
is first tied without the PCB and adjusted to the correct 
length. Now the tie should be loosened by pulling the 
knot so that it can be removed over the head without 
undoing it. Having removed the tie in this way the 
PCB should be inserted and the tie ‘Velcroed’ up 
before passing it back over the head and re-tightening. 

The ribbon cable passes between a couple of shirt 
buttons so that the contro] box may be placed in a side 
trouser pocket. 


The Future 


The whole field of opto-electronic clothing in general 
and multi-mode ties in particular is in its infancy and 
undoubtedly new developments will follow thick and 
fast. So, to whet the appetite we thought we'd mention 
some of the possible improvements to the Kinetotie 
and new related projects under consideration. 

The main drawbacks of the current design result 


| 07 | os | os | va | v3 | 2 | 


Stripe | Stripe Stripe | Stripe UK USA 
1 2 5 6 Diag. | Diag. 


Bottom - Top> 


Code a 1 bit for stripe on Code a O bit 
for diag. on 


NB: If 1s are coded into both DO and D1 (ie UK and USA diagonals off), 
will still get a dot for any stripes enabled since the centre LED is always 
on. 


LSB 


Fig. 3 The generalised EPROM programming pattern 


from the use of LEDs which because of their height 
make the tie rather thick and because of their being 
mounted on a PCB make it somewhat rigid. Both 
these limitations could be overcome by incorporating 
optical fibres into the actual fabric of the tie. 

Power consumption also proves a problem if 


vy < 
oo 


-0070-001F | Mode 2 
Mode 14 


OOEO-O0EF Mode 15 
00F 0-00FF 
0100-1 FFF 


Fig. 4 Memory map of the 
EPROM 


38 


prolonged use is required (especially in a non-k 


PROJECT 


n-kinetic adapter for those instances where limited movement 
mode). Possible solutions here include high efficiency is acceptable (in the boardrom for instance). 
solar panels fitted i bowler hat and a mains Use of the tie in either the UK or the US is 
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FE FE FE FE FE FE FE FE 
FD FD FD Fo FD Fo FD 
35 a9 35 55 ss 5s AP 
os OF 41 BI 82 22 96 0 
Fo FD FD 00 FD 00 FD O 
FE FE FE 00 FE oo FE 
FD FD FD FE FD FE FD 
05 OF 11 21 41 00 oS 11 81 
06 OA 12 22 42 00 OS 12 62 
OO7O OS OF 11 27 41 on os wa 82 
OOAO O85 OF 11 22 41 oo 81 42 21 Oe 
OOBO O05 05 09 99 11 21 41 41 B1 21 
o0C0 B82 B2 42 42 22 12 OR OA 04 08 12 
CODO 8&6 4A 32 44 BH 32 B4 af 32 4A 3 
OOEO FD FD FD FD FD FD FD FD 9% 22 
OOFO FE FE FE FE FE FE FE FE OS ay 


Listing 1 Hex dump of the used portion of the 
EPROM 


straightforward but how many people would be able 
to say with confidence which mode would be 
appropriate in say the Cape Verde Islands? This brings 
us to the top of the range executive mode. 
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Complete with a satellite based navigational 
system, the latitude and longitude are passed to the 
on-board (on-tie, rather) computer which calculates 
the country and from this the required mode. In 
countries such as Australia where both tie modes 
seem to be commonly used, the mode would be 
selected at random. 

Enough of ties, the piéce de résistance currently 
under consideration is the multi-tartan kilt (with 
optional sporran and MIDI-pipes to match). Whereas 
the electronics is well proven technology we are 
having considerable difficulty in finding weavers on 
the Isle of Harris with experience of incorporating fibre 
optics into the tweed (although one or two crofts in 
the Quidnish area look promising). Nevertheless, 
obstacles are there to be overcome so keep watching 
these pages — perhaps a few years yet but certainly 
at this time of year! 


RIBBON CABLE TO TIE 


CAMERA 
CONTROLLER 


release of the camera to the electronics world. The 
camera then, effectively, has an electronically- i 
operated shutter release. With the addition of one or 
more of the later projects listed here it becomes quite 
a sophisticated photographic tool. 

The design is for battery-powered operation — if 
you're going to use such a device to trigger your camera t 
outside it’s hardly likely you'll have a mains power point 
at the camera's position. So the solenoid used is of low- 
voltage (12V) operation. However, the power required 
to operate a cable release and acamera's shutter is quite 
large so the solenoid is a beefy one, which requires a 
fair current (about 1A). Your common-or-garden dry 
cellisn't going to be able to provide the current needed. 
Instead, you should use two, PP3-sized NiCd batteries. 
These have two advantages. They are rechargeable f 
and their operating voltage (8.4V, 16.8V in series) is - : 
within the maximum 18V limit forthe integrated circuit i 
used — a CMOS device. Alkaline batteries could 
provide a voltage of exactly 18V — too close for 
comfort. 

Observant readers will note the use of a cheap 
Darlington pair transistor to ensure a low source 
current requirement from the CMOS chip, while 
providing adequate drive current for the solenoid. 


sca 2c oaggittinereaee SAG 


Keith Brindley builds a 
snappy project for 
eginners to turn your 
amera into a 
sophisticated remote- 
riggered device 


cre 


© start we must make it clear that this 
project is not in itself a particularly useful 
addition to your camera gadget bag, It can 
be used to control the camera’s shutter 
release but its real advantage will be found 
later. You see, the ETI Camera Controller acts as a i 


multi-function, electronic shutter release interface 
which, in the future, can be used with other projects 
which allow the camera to be remotely operated in 


Construction 


Circuit of the ETI Camera Controller is shown in Fig. 
2. As usual in Ist Class projects, a choice of 


HOW IT 


WORKS 


a wide variety of ways. 


The later projects (all Jst Class) will include: 

® a light-beam trigger — when someone or 
something interrupts an infra-red beam of 
light, the camera will be triggered. Ideal for 
candid shots of, say, birds entering or leaving 
a bird-house or surprise shots of intruders 
breaking into guarded premises 

@ a sound-operated trigger — to trigger the 
camera on the detection of a sound 

@ a remote trigger — to operate the camera 
from a distance for, say, self-portraits 

@ a fixed-interval timer trigger — allowing 
photographs to be taken at a number of fixed 
times, to show, say, a flower head opening 
up in stages through the day 

® avariable-exposure time trigger — allowing 
the camera to be triggered for longer periods 
than are available on the camera's built-in 
exposure time mechanism 

The Camera Controller links to your camera with 

a standard cable release, operating the cable release 

(with the help of a low-voltage solenoid) to trigger the 

camera on reception of an electronic pulse. So, quite 

simply, the project interfaces the mechanical shutter 


PME TS eee eee aes 
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construction techniques is offered: printed circuit 
board or stripboard. Both methods are straightforward 
and apart from a few points are more-or-less 
self-explanatory. ; 

On PCB, construction doesn’t need to follow any 
particular order, although it’s probably best to leave 
the integrated circuit till last. PCB layout, component 
overlay and wiring details are shown in Fig. 3. If you 
aren't too sure, insert components following. an 
imaginarily logical order of complexity. That is, insert 
and solder passive components first (resistors then 
capacitors), simple semiconductors second {diodes 
then the transistor) and the complex semiconductor 
(the integrated circuit) last. 

Although a socket was used in the prototype to 
mount the IC, it's by no means essential, and 4011s 
aren't too pricey anyway, so it can be soldered directly 
into the PCB without worry. Nevertheless, if you're 
not using a socket, go easy on the heat. Solder one 
pin then leave the IC to cool before moving on to 
solder the next pin. ~ F 

On stripboard, it's probably best to follow this 
order of inserting and soldering components pretty 
rigidly. The stripboard layout, component overlay and 
wiring details are shown in Fig. 4. Before you start, 
however, make all copper track cuts then insert and 
solder all wire links. It's far easier doing all these fiddly 
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things before components are mounted. 

On either PCB or stripboard, it's a good idea 
(though, again, by no means essential) to use circuit 
board pins where all off-board wire connections are 
to be made. Their use means it is simple to make a 
connection, particularly so after the board has been 
fastened down. 

Whichever construction method you choose, 
check that no solder links or bridges are present 
between components or IC pins. 

Although we've offered no suggestions for 
housing your completed project, any suitably-sized 
box can be used. It's here, however, that the interface 
between the project and the cable release takes place, 
using a solenoid. So this is where readers may have 
to use a little ingenuity to ensure the solenoid operates 
the release satisfactorily. 

A possible method of linking the solenoid to the 
cable release is shown in Fig. 5. As the solenoid is 
energised, its plunger must push in the cable release’s 
operating pin. The method shown couples the cable 


IS'CLASS 


PCB DESIGNER 


FOR THE 48K ZX SPECTRUM 


Now you can produce high quality printed 
circuit boards / circuit diagrams / component 
layouts on your 48k zx spectrum. If you dont 
own one its worth getting one just for this suite 


of programs ! comprehensive manual included with getting started tutorial 
FULL SUITE FOR ONLY £ aoe 


5 
} 
2 


v2) 
2 
O 


PCB LAYOUT : 


Produce quality printed circuits aa 
trom your EPSON RX/FX or compa: 
mani printer using a enue ten ti sebectachags pe 


positive photoresist coated board. Or super 
quality using x2 printout and photoreduction, 
many features such as 15 track widths; 15 pad 
sizes; 16 transistor/ic/corners; 20 connectors; 
large multi screen WYSIWYG display gives a 

clear uncluttered view of pads tracks and dri 

holes; 0.1" grid on/olf; Block move; copy; rae 
rotate: erase; area fill (ideal for earth Plane); 
preview; undo; dimensionally oe nny pried ld 


routine with quick print; tt or 
Custom pad design and jolie NVR ABLE SEPARSIELY FOR he oO Th 


COMPONENT LAYOUT : 


Draw component layouts directly or from =h= 
existing pcb layouts using a unique track. reducing 5 t i 
facility: The following components are provided 
resistors; capacitors; ics; diodes; transistors: Line 5 
drawing; printout and block commands as above: [y 
NOT AVAILABLE SEPARATELY. 


CIRCUIT DIAGRAMS : 
Features similiar to the above programs with a 
Wbrary of electronic symbots including neal 
capacitors; diodes; transistors; fats; op a 
switches; inductors; logic gates: NOT AVAILABLE SEPARATELY. 4 


State version requirad from: DISCIPLE/+D; DISCOVERY; +3; MICRODRIVE & TAPE. 
IMPORTANT! TAPE AND MICRODRIVE USERS PLEASE STATE CENTRONICS INTERFACE tN USE OR 
SEND {1.00 FOR DETAILS, 


KEMSOFT tne woootanps, KEMPSEY, WORCESTER. WRS 3NB 


tel 0905 521058 after 6pm : or see us on A,1.X. - 386 BULLETIN 
BOARD 0905 52536/754127 on any computer with modem 
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NATIONAL COMPONENT CLUB 
SPECIAL OFFERS * SPECIAL OFFERS 


| HAVIONAL COMPONENT GUS 


PZ) TRANSISTORS (BC 548, BC182 etc) £7] 


i] 6V 1.8VA POWER SUPPLY 


@ MYSTERY PACK fy 
CROCODILE CLIPS fy] 
(5 red and 5 black) | 

j] 90db PIEZO SOUNDER 


2 FREE CLUB MEMBERSHIP <> 


release’s operating pin directly to the solenoid’s 
plunger giving a pretty ‘solid’ and robust interface. 


Setting Up 

There's not a lot to do here. Test the project initially 
unconnected to the camera. When power is first 
applied, the LED may light. If so, connect between 
the two reset terminals (using, say, a screwdriver) and 
the LED will go out. Now, connect between the shoot 
terminals — the solenoid should energise for a short 
while (about one second) then stop. The LED should 
now be lit. Further attempts to connect the shoot 
terminals should not operate the solenoid. Resetting 
the project, however, by connecting the reset 
terminals will allow the shoot terminals’ connection 
to energise the solenoid again. 

It should be noted, here, that although we've been 
talking about connecting between terminals to provide 
shoot and reset triggers — by touching the terminals 
with a screwdriver — there's nothing to stop switches 
being used. Also, for future use, these triggers will be 
generated elecronically by other circuits — negative- 
going pulses will trigger both shoot and reset. 

The shoot-then-reset operation can be effectively 
over-ridden by connecting the manual terminals — 
the solenoid should energise for as long as the manual 


terminals are connected. 


SE 


555 TIMER (IC's) 
741 OP-AMPS 


LED's (5mm red or green) 
GENERAL PURPOSE 


BATTERY CLIPS (PP3) 
ASSORTED POTS & PRESETS 


ASSORTED CAPACITORS 
(Picofarads-2200uf) 


ELECTROLYTIC CAPACITORS 
tuf-2200uf) 


ANY SIX PACKS FOR A FIVER! 
ALL TWELVE FOR A TENNER ! 


P.O. or Cheque to: NATIONAL COMPONENT CLUB, DEPT. ETI, 
HIGHER ANSFORD, CASTLE CARY, SOMERSET BA7 7JG. 


Please add £1 P &P but do not add VAT. 
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INTELLIGENT 
PLOTTER 


LOOK-UP TABLES& 
PROGRAM EPROM 3 


J JALOHd 


Bob Joyce’s plotting 
project reaches the 

end of the line witha 
look at the CPU board | 


n this final part of the Intelligent Plotter we look 
at the central processing board, keyboard and 


interface devices. A single 8-bit microprocessor and software i 
is used to control all of the functions and i 
outputs of the Plotter using three 8K EPROMs 2000 __|_ PROGRAM EPROM 1 | 
holding the program, the various look-up tables, the 
upper case character set and the test routine NON-VOL RAM STACK 1 


co-ordinates. 9000 ZEROPARE 

The PCB was designed to be versatile enough 
to be used for other interface projects and accordingly 
a considerable amount of external interface porting 
has been provided (six 8-bit ports + interrupts) Battery-backed RAM can facilitate some further 
together with 8K RAM and 24K ROM. development if required using any suitable 6502 


er eer 
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9751404 


OPERATING 
INSTRUCTIONS 


681,500 1269500 _. 


2S Sarna: 


development system (a BBC computer was used to selected by IC6 (see Fig. 1). 

develop the Plotter software). The IRQ, NMI and RESET co-ordinate vectors 
are of course, held in the top of the memory map to 
point the program counter in the right direction when 

Memory Usage ; required to do so. 


The Plotter's memory is divided into eight 8K sections ‘A 6502 8-bit microprocessor controls the 
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Fig. 3(a) Circuit diagram of the central processor board and power supply 
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HOW IT WORKS 


as 


functions and outputs of the Plotter. Address lines AO 
to A3 are used to provide all the programming 
functions of the VIA. Address lines A13,A14 and A15 
select the memory in 8K blocks. 

The VIA at &8000 (IC16) drives the plotter 
mechanics from Port A and also the CPU display from 


STEP X 
DIR X X DRIVE 
PEN 


TO SOLENOID 
BOARD 


Port B. nee 
DIRY } Y DRIVE 
The Keyboard 


1c16 


The keyboard (Fig. 2) is a 64-key QWERTY type, Fig. 3(b) PCB connections 
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CALCULATE 
X,¥ DISTANCES 
AND DETERMINE 
PLOT SEGMENT 


CHOOSE 
BEST MOVE FOR 
PROXIMITY TO FINAL 
POSITION 


UPDATE 
COUNT & 
POSITION 


FINAL 
POSITION? 


UPDATE 
COUNT & 
POSITION 


LIMIT SWITCH 


ETC 


POSITION INFO 


+ 


END 
POSITION 
REACHED? 


Fig. 4 The flow diagram for the plotting routine 


which allows the user to type upper case text directly. 
The prototype used an old Commodore Vic20 
keyboard from a local electronics rally, which had the 
bonus of two 6522 VIAs and a 6502 all socketed on 
its single PCB. Any 8x8 keyboard could be adapted. 

The ‘reset’ key shown could be a spare key on 
your keyboard or a separate switch on the plotter itself. 
Note also that the manual control switches can be 
connected to a 4-switch joystick as shown. 

The keyboard scan utilises port A and port B of 
the VIA at &8000 in the memory map (IC14). The 
8-bit VIA port A is configured as an output and the 
8-bit port B as an input. All the bits of port A are set 
to ‘0’ so that when no keys are pressed the inputs to 
port B will always be held high (&FF). 

The software looks for a change in port B then 
interrogates each row to find which one has been 
switched. 

This established port A is then loaded with a 
single ‘0’ which is ‘walked’ across the port until the 
column is found. A small software delay is included 
and the key checked once more, if the result is not the 
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same as previously the routine is not executed. 

When the key pressed has been identified an 
index is used to locate the ASCII value in a look-up 
table held in ROM. 


Plot Routine 


The flow diagram for the plotting routine is shown in 
Fig. 4. This routine was a major stumbling block — 
clearly you cannot simply instruct the X motor to run 
from X1 to X2 and the Y motor from Y1 to Y2 and 
expect them to run at the appropriate speeds for.a 
straight plot. 

The method finally chosen involves checking 
whether moving the X-axis, the Y-axis or both 
together will bring the plotter closest to the final 
position. Thus there are eight possible segment 
directions corresponding to N,S,E,\W,NW,NE,SW and 
SE. These are followed until the final position is 
reached, 


Speed Control 


To achieve the optimum speed from the stepper 
motors some form of speed ramping must be applied. 
In the software I have used a look-up table (see 
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ae 1) which contains the necessary delay changes shown ” Fig. 5. Construction should be performed 


to produce a smo ee a with care but should hold few diffic re ies. sk that 
The speed can be changed using three para- ther Aue a few links to be made, ensure that the 
meters, namely base speed, rie speed and ramp os longer ones cannot stray to other links o eae ents. 
These three parameters can be changed indepen- The displays should be fitted into strip sockets 
dently from the keyboard to produce the optimum —_ withoutr eeiuein g their lead length. I recommend that 
speed parameters for a given set of mechanics and you socket all TCs. 
stepper motor. . You will notice that there is p _ for 
i nsion oe displays for example), so panic 
n you realise there are unpopulated eri lett at : test socket 

Construction te, se of ila ction. te Palit haba 

The component overlay for the processor board is the voltage requlator as shown in the February 
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issue (Fig. 3) and do not solder it until all the screws 
are fully tightened. 


Testing 


With all ICs out, check that T1 is producing 6V at 
50Hz and that the power supply is giving between 


125kHz square wave, Al 62.5kHz, A2 31.25kHz and 
so on, halving the frequency each time. If this works 
you should have a working unit, if it doesn’t then get 
your meter out and check for shorts and breaks. 


Power Supplies 


Separate power supplies have been specified for the 
microprocessor PCB, stepper motor drive boards and 
solenoid driver. These individual power supplies 
(including fuse holders) are not mounted on the 
printed circuit boards but bolted to the chassis then 
hard wired according to the respective circuit layout. 

Note all OV power supply feed lines should be 
connected to the chassis at a single point using an 
earth bolt to reduce voltage build up between return 
earth paths. 

Using separate supplies allows constructors to 
build up and use the various parts of the project 
independently. Anyone deciding as an alternative to 
amalgamate all the power supplies from one trans- 
former should take steps to prevent surges (caused 
by the inductive loads of the solenoid and stepper 
motors for instance) from reaching the 5V 
microprocessor board supply. 
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5.0V and 5.2V to the PCB — this can be raised by 
increasing R45. 

Switch off power and insert IC7 and IC9, then 
check that a 1MHz clean squareware appears at the 
clock input of [C1 (pin 37). If it isn’t there check from 
the crystal through IC7 for faults. 

Now insert ICs 1,6,7,8,9,10,11 making absolutely 
sure their orientation is correct. 

To check the microprocessor, wire up a 28-pin 
turned pin socket as shown in Fig. 6. Inserting this in 
any of the EPROM sockets will give 10101010 in 
binary on the data bus — a NOP instruction. Switch 
on and check the address bus: AO should have a 
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1C3,4,5 are available ready programmed from the author for £15 each. 
A 40-track disc with source code for all three costs £9 from Mr R. 1 
Joyce, 104 Craythorne Ave, Handsworth Wood, Birmingham B20 1LN, ' 
All the other components are available from Farnell on (0532) 
636311. Farnell will deal only with account holders but Trilogic on 
{0274) 684289 can obtain Farnell components for individuals, 
The following are Farnell's ref. nos for components — C3,4,5 
(100-904); SKT1-4 (176-371); XTAL1 (103-878): joystick (148-212). 
The T03 heatsink is from Electromail part 401-778. 
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throughout (low heat generation) 
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© Exclusively made matched custom semiconductors. 4 

® Minimal capacitor design (without DC servos). 

® PSU sound colouration eliminated. 

® Advanced PSU feedforward ripple elimination including 
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THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, O/P Current 80amps, 
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PLUS By innovative technical design we have eliminated 5 individual sound colouration components 
found in all other conventional amplifiers. 


ELIMINATE D -1\Emiter resistors 2}Zobe! networks 3) HF pole compensation 4) Fixed bias 
Vbe multiplier and temp gen distortions 5) Capacitor sound. 


AND THERES MORE .___ Sage exclusive CLEAN CLIPPING (not to be confused with soft 
clipping) eliminates PSU ripple from reaching the output even when severely clipped, this together with 
individual regulated supplies to all stages (Super-supplies) TOTALLY eliminates PSU component sound 
colorations, (A World first!) 
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84 x. (0274) 551065 


Please phone or write for catalogue. Enclosing 26p SAE. 
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Rod Cooper beats 
time with a reaction 
timer project for 
quick wits 


REACTION TIMER 


robably the simplest method of timing 
human reaction is by dropping a ruler, the 
time being measured indirectly by the 
distance needed along the ruler for the 
subject to catch it. Most readers will be 
familiar with this test from their schooldays. 

In practice this method suffers from a number of 
disadvantages. For example, it cannot be used for 
anything other than a visual stimulus, as it is not really 
feasible to incorporate an audible or touch stimulus 
into such a simple technique. Also, it is unreliable 
because of the likelihood of the operator giving the 
subject an inadvertant ‘cue’ just before dropping the 
ruler, 

The method then becomes more of a test of a 
person's ability to perceive these small cues from the 
operator rather than a true test of reaction time. 
Because of these snags, most serious operators use 
more sophisticated methods. 


TRANSISTOR 
SWITCH 
BUZZER 

OR LIGHT 


XTAL 
OSCILLATOR 
10MHz 
+10 
FREQUENCY 
CHANGER 


DISPLAY 
DRIVER 


4x7 SEGMENT 
LED DISPLAY 


Fig. 1 Block diagram of the Reaction Timer 


PHOJECT 


There are many advantages to using an 
electronic meter both to give the stimulus and to 
record the time as a direct reading in fractions of a 
second. Firstly, the choice of stimulus can be made 
very wide. Not only can visual stimuli be given but 
these can vary as to colour and intensity, and can be 
as simple as one light coming on to a complex stimulus 
such as recognising a pattern out of a multitude of 
lights. 

Similarly, an audible stimulus could be just a 
buzzer or could vary as to pitch and amplitude or could 
be a pattern-recognition type. Response to touch and 
small electric shocks can also easily be made part of 
an electronic measuring system. This reaction timer 
is a basic meter giving one simple audible or visual cue 
in the form of a buzzer or a light but can easily be 
expanded to give more difficult stimuli by adding on 
extra circuitry. 

A second advantage is freedom from cueing 
errors. The distance between the operator and the 
subject is only limited by the length of the flex between 
the operator's console and the subject's stop-button. 
The two could be in separate rooms to completely 
eliminate the error but it is more usual to have a more 
reasonable distance, with a screen in between. 

A third advantage is that the subject can easily 
give the stop signal via a foot-pedal instead of by hand 
and this provides an alternative path for nerve 


impulses. It can be instructive to compare the two 
paths, bearing in mind that the fastest nerve impulse 
travels at about 80m/s. 

A fourth small advantage is that the electronic 
method is more accurate from the timing point of view. 
Quartz-crystal control and a digital display gives an 
accuracy impossible using a mechanical technique. 

Human reaction timing is used in some types of 
aptitude testing and also forms part of the new GCSE 
course in psychology. Reaction timers are available 
commercially but tend to be expensive, so this design 
provides an inexpensive alternative as well as being 
a good educational project. 

The timer is also useful in other fields with a little 
adaptation. It could be used for measuring the 
transition time of a moving object between two points 
by substituting the stop-start push-buttons for either 
microswitches or simple opto-electronic switches. It 
is also possible to change the timing range, and ways 
of doing this are described later. 


Circuit Description 


The circuit is shown in block form in Fig. 1. Starting 
and stopping the timer depends on push-button 
switches but these do not operate the circuit directly 
because of the errors that would be introduced by the 
shortcomings of mechanical switches. These are well- 
known defects and include electrical noise and contact 
bounce. Clean start and stop signals can be obtained 
without resorting to the complexities of contactless 
switches simply by feeding the mechanical signals to 
a bistable. 

The bistable opens the gate when the start signal 
is given and also turns a transistor switch hard on. The 
transistor switch gives the subject a signal via a fast- 
response buzzer or via an LED for visual signals. 
Opening the gate allows a train of pulses from the 
crystal oscillator to be fed to the counter, which in turn 
operates the display drivers. The bistable closes the 
gate when the stop button is pressed, this stops the 
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Fig. 2 The circuit diagram of the Reaction Timer 
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HOW IT WORKS 


buzzer or the LED and halts the counter at whatever 
number is reached. This number is continuously 
displayed until the reset button is pushed. 

By choosing a simple decade of one second for 
the pulse frequency, in this case 1kHz, the display can 
read directly as fractions of a second in the narrow 
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band into which human reaction times are likely to fall. 
In this design, the display can register from 0.001 
seconds to 9.999 seconds which covers all the 
eventualities of reaction timing with generous 
margins. The longer times are useful for pattern- 
recognition timing. 
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Fig. 3 Choosing an LED segment resistor for higher brightness or 
for different displays 


Construction 


A plastic box with a metal front 150 x 200mm was 
used to house the display and main components. The 
depth of the box depends on whether C or D size cells 
are chosen to power the circuit. The sounder, LED 
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Fig. 4 The component overlay for the Reaction Timer 
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and stop button are housed in a smaller, all-plastic box 
and are joined to the main circuit by flexible multicore 
cable. The length of cable is of course a matter of 
choice. 

The PCB (Fig. 4) is held onto the metal front panel 
by two screws, one each side of the display. The 
display is mounted in a holder on the PCB, not 
soldered direct. This is to give headroom for the other pce 


DISPLAY 


FRONT PANEL 


IC SOCKET 


components on the board. The display is thus pressed SCREWS 
i in the front 
against the rim of a rectangular hole cut in the fron Fig. % lcunding Hui POS and iepley 


panel (Fig. 5). For a 4-digit display, this hole should 


screw head on the front panel, one of the self-adhesive 
PCB clips now on the market would be better. 

The battery of three cells is accommodated in cell 
holders screwed to the base of the main case 
underneath the PCB, To renew them it will then be 
necessary to remove the front plate. Alternatively, the 
cells can be held in a tubular holder which exits at the 
side avoiding the need for front panel removal. 

The start and reset buttons can be mounted 
anywhere on the front panel, their position is not 
critical at all. 


Developments 


The MM74C925 has a frequency limit of around 
4MHz which makes this circuit easily adapted to 
necessar\, or alternatively if you do not wantathird shorter timing periods. The frequency divider is 
needed because 10kHz is the lowest quartz crystal 

BUYLINES frequency easily available and this requires division 
eaumseiigaytin RL en wip eais deshnmiun ng esamgmewvemaeesec, to get a convenient scale. If you bypass the CD4017 
compl ie kit for this project available from ice bet 2 then you shorten the scale to read from 0.001 to 0.999 

q éctionics, 2b Hunter St i seconds. It is possible to shorten the scale further by 
changing the quartz crystal to a higher frequency and 
this makes the circuit useful for the timing of the fast- 
moving objects mentioned earlier. 


be 49x 16mm, which gives a small overlap on the 
display all round the edge. 
To steady the PCB a further holding screw is 
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KinetoTie | 


KZ Sat 


The Kinetotie control board 


Combo-Lock (April 1988) 
Transistors Q1,3.5.7,8 are incorrectly given as 
ZTX400. The correct part number is ZTX300 


Bicycle Battery Dynamo Backup 

(June 1988} 

C1,2 are incorrectly given as 22 in the Parts List. 
The value of 220y given on the circuit diagram 
(Fig. 1) is correct. 


FM Stereo Decoder Update {July 1988) 

R8 is given as 10K in the circuit diagram whereas 
the correct value is 10k as in the Parts List. R27 is 
missing from the circuit diagram. This connects R25 
to the 12V supply. 


QWL Loudspeakers (August 1988) 

Some dimensions were missing from Fig, 7, The 
bass driver port centre should be 33/4in above the 
base of the baffle panel. The notches in the side of 
the tweeter cut-out are !/2in wide, The top plate is 
missing from the cutout diagram (Fig. 6), This is 
7x 45sin 


EEG Monitor (September 1987) 

The wiring for the switch SW1 in Fig. 5 shows all 
the wires for selecting Alpha and Beta waves 
swapped. A, should read B,. A, should read B, 
and so on. The easiest remedy is to swap the front 
panel labelling shown in Fig. 6 so that the switch 
labelling reads Theta, Beta, Alpha. 


Chronoscope (November 1988) 

In the overlay diagram for the counter PCB (Fig 
3) the polarity of C12 is shown the wrong way 
around. SW1a-d is shown as SW1-4. In Fig. 4 the 
cathodes of LED 8 and 9 are the righthand and 
lefthand pads respectively. The cathodes for LED 
6,7 are marked as the wrong pin. In the text section 
on Battery Operation, Q1 should read T1. In Fig. 
5 SW2 is incorrectly labelled SW5. 


Doppler Speed Gun (December 1988) 

in Fig, 2 the labelling of pins 7 and 4 of IC2 are 
transposed. IC10a Pin 1 and !C9c Pin 10 should 
connect together and not to the SV rail. The positive 
terminal of C3 should connect to the junction of 
R2/R3. Pin 7 of IC2 should connect to the 12V rail 
and not to Pin 6/R1. So the pin labelling of CONN1 
runs left-right on the overlay diagram, the 
corresponding labelling in Fig. 2 should be 3-1-2, 
reading downwards. Fig. 4 is correct in all respects 
except for the orientation of Q2 for which the c and 
e labels should be transposed. In addition the extra 
switch to be seen in the photograph of the prototype 
is a hangover from a previous incarnation. Just 
ignore it! 


Burglar Buster (December 1988) 

The foil part of the component overlay for the basic 
alarm (Fig. 1) was printed the wrong way around, 
It should be rotated through 180° as in Fig. 5. 


Rev-Rider (January 1989) 


Board 2 In the parts list RV2 is incorrectly given at 33k. It 
MDB should be 22k as in the circuit diagram. A ‘blob’ 
1988 went missing from the circuit diagram. RV2, R7, 
The Kinetotie tie board (in pieces!} R4, Cl and D3 should all be connected. 
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Blueprint is a service to readers to help overcome problems in projects being 
designed whether from scratch or by ‘mix and match’ of other circuits. The 
solutions provided here have usually not been tested although they are believed 
to work. Some minor modifications may be required. Blueprint is intended to provide 
interesting material for publication and preference is given to subjects covering 
several inquiries. Personal replies cannot usually be given. Send your requirements 
with as much detail as possible to ET! Blueprint, 1 Golden Square, W1R 3AB. 


he request for a Blueprint circuit 

this month has come our way 
from Mr. J. L. Edwards of Moffat in 
Dumfrieshire. 

I need a circuit to limit the revs on 
a motorcycle engine. The circuit must 
have an adjustable maximum RPM 
and | must be able to switch it on or 
off, It must work with normal points 
or with an electronic ignition. 

A good place to start on a project 
like this is with an IC widely used in 
ETI projects, the LM2917. This IC 
contains a charge pump controlled by 
an input comparator, The output of 
the charge pump is fed to an op-amp 
which drives an output transistor with 
enough current capacity to switch any 
reasonable size of relay. 

In the circuit shown in Fig. 1 the 
signal from the points is fed into the 
comparator via suitable filtering and 
protection components. Though the 
input signal may have interference 
and ringing on it, the output of the 
comparator will (hopefully) be a 
rectangular wave at the frequency of 
opening of the points. 

Charge is transferred from C4 and 
C5 at this frequency and leaked away 
from C5 via R4. Thus the average 
voltage on C5 depends on the speed 
of the engine 

The relationship of the voltage on 
C5 to the speed is not linear but this 
does not matter. The circuit can be 


adjusted to switch at a suitable point. 


regardless of linearity. 

The non-inverting input of the 
output op-amp is internally connected 
to the charge pump. leaving no 
obvious means of providing positive 
feedback to make the output switch 
cleanly. Once the first draft of the 
circuit had been produced, it was cleat 
that inverted feedback to the inverting 


input (positive feedback) could be 
provided from the collector of the 
output transistor. 

The relay itself must be capable of 
switching the maximum current which 
flows in the primary of the ignition coil. 
If the relay were simply connected in 
series with the ignition system its 
contacts would burn. The ignition coil 
is highly inductive and the ‘condenser’ 
in the ignition circuit is there purely to 
protect the points. A greater degree of 
protection is required for the relay 
because any normal relay contacts are 
much smaller than the points. The 
large capacitor used conveys another 
advantage. The opening of the relay 
contacts could induce a spark, at a 
time not related to the normal opera- 
tion of the ignition system. The large 
capacitor prevents this from happen- 
ing and avoids the small risk of 
damage it would entail. 

Of course, the circuit has no 
means of detecting the speed of the 
motor when the ignition power is 
switched off. It might be worth 
experimenting with a large value 
resistor in position R7 to energise the 
points just enough to generate a small 
signal (of perhaps a volt} to operate 
the charge pump, while not providing 
a spark. A good starting point might 
be 2.5W, 


Choices 
The circuit as shown is suitable for use 
on a 12V electrical system with con- 
ventional ignition or with electronic 
ignition which uses the points. It is 
possible to adapt the circuit of other 
situations but first all there are aspects 
of the basic circuit to experiment with. 
The voltage on C5 at any parti- 
cular engine speed depends on the 
value of C4. The voltage should be 
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David Essex demonstrates the alternative foot-down- 


and-don't-start-the-engine method of limiting revs. 


measured using a high impedance 
voltmeter (such as a DVM) and if it is 
under 2V at the maximum speed, the 
value of C4 should be increased. If, 
however, the voltage is over 5V then 
the value should be decreased. 

The time constant of C5 and R5 
sets the hold off time — the time 
during which the ignition will not 
switch on again. The value shown is 
very short, but if a longer time is 
needed then the value of C5 may be 


increased. A 10y electrolytic will give 
a useful fraction of a second. 

The required decrease in speed to 
switch the ignition back on is set by 
R4. The value shown should work 
acceptably but a higher or lower value 
may be shown to be more appropriate 
as a result of experiment. This will also 
affect the time constant set by R5 and 
C5, with higher hysteresis (lower R4) 
giving a longer time delay. 

To make the circuit work on a 6V 
electrical system, it is necessary to omit 
R6 and use the LM2907, which does 
not have an internal zener diode, It is 
also necessary to zener regulate the 
voltage on RV 1 as shown in Fig. 2. A 
small local decoupling capacitor is also 
a good idea and this too is shown, 

If the unit is to be used with an 
electronic ignition which does not use 
the points, the same input configura- 
tion should be used and should be 
connected to the terminal of the coil 
where the points would have been 
connected had there been any, The 
value of R1 may need to be increased 
if a capacitor discharge ignition is 
used, as should its voltage rating. A 
suitable value to try would be 47k 1W. 
Most 1W resistors have an adequate 
voltage rating. 

A certain amount of experimen- 
tation is required to complete this 
project, but the end result should be 
quite reliable. 


Andrew Armstrong 
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BOOK LOOK 


AX enthusiasts have been 
experimenting with mains filters 
of one kind or another for many years, 
the general idea being to remove as 
much ultrasonic garbage as is 
realistically possible. 

Central heating systems, nearby 
railway lines, domestic appliances, 
fluorescent tubes and dimmer swit- 
ches are all prime sources of RF noise 
— a noise that may influence the 
performance of a hi-fi system either 
via its various power supplies or via 
poorly screened interconnects. 

Nevertheless, an elementary low- 
pass inductive mains filter may simply 
trade one set of problems for another, 
particularly as a large-ish coil will 
increase the source impedance of the 
mains supply. This in turn may pos- 
sibly heighten any signal-dependent 
supply modulation that already exists 
between two audio components on 
the same ring main. 


Breakthrough 
Such inter-component supply modu- 
lation does occur in the domestic 
environment though I have measured 
signal breakthrough some 20-30dB 
higher via the P/S of two independent 
amplifiers at one venue for recent hi- 
fi exhibitions. 

Here the hotel mains supply is so 
grossly overloaded that its source 
impedance simply rockets. 


Noise 
Back to RF noise. Now, while the 
benefits of a ‘clean’ power supply have 
long been appreciated it is only 
recently that the subjective effects of 
broad-band RF noise have been 
treated with any concern, One very 
new source of non-correlated RF 
noise is our friend the CD player, 
many machines producing a signifi- 
cant output between 1-10MHz quite 
possibly as a result of ‘leaky’ clocks. 
Interestingly all machines based 
on the Philips chipset are relatively 
clean for it is the Sony and Burr- 
Brown chipsets that suffer most 
notably from a spurious RF output. 
By contrast, the Philips’ 
SAA7220/TDAI541 chipset is re- 
sponsible for a substantial output of 
sampling IMD products in the stop- 
band from 24.1kHz — 200kHz. 
Typically -40dB down (relative to 
Odb = 2V @ 1kHz) these manifest 
mainly -as second-order products; 
yF<+F where y = 1-4, Fs is the 
44.1kHz sampling frequency and F, 
the audio frequency 20-20kHz. 
Broadly speaking these are also 
representative of the better sounding 
players available, while alternative 
machines sound inferior despite their 
offering a stop-band rejection of 
>70dB. 


62 


Indeed, it is quite common to find 
a CD player with a very clean'output 
spectrum up to 500kHz or so while its 
performance between 1-10MHz is 
comparably weak. Furthermore, it 
does seem that the players exhibiting 
an above-average RF output are also 
the ones that react unpredictably with 
different partnering amplifiers. Why 
should this be? 


RF 

So far there is some evidence to sug- 
gest that RF intermodulation distor- 
tion could be precipitated at the input 
of certain amplifiers, the products of 
which manifest in the audio band. 
However, because the RF noise is 
itself uncorrelated with frequency (it 
is random) any products of IMD will 
also transpire as a random noise 
rather than as a discrete set of signals. 

Consequently the dynamic effect 
of RF IMD is very difficult to measure. 
Listening tests have indicated that a 
randomly fluctuating noise floor — 
even 90-100dB down — is subjec- 
tively undesirable if only because your 
brain is trying to assess the myriad 
S/N ratios of a dynamic music signal 
against some arbitrary reference 
(noise) that keeps shifting in level! 

It has been suggested that higher- 
order RF IMD products are respon- 
sible for the harsh, unforgiving or 
superticial treble quality associated 
with some CD players. 

Naturally, the extent to which this 
occurs will depend on the specific 
combination of amplifer and CD 
player (standard RC RF decoupling at 
the input to an amp is largely 
ineffectual, a small attenuation is all 
that can be hoped for). 

This does go some way in 
explaining why there is a consensus 
concerning the sound of some CD 
players but not others. Another 
variable in this messy equation is the 
type of interconnect used between the 
CD player and amplifier. 


Wired For Sound 

Now | am not even going to attempt 
to pursuade the more cynical ET 
readers that bits of wire have a ‘sound’ 
all of their own. However in respect of 
our FF theory it is interesting to note 
the series resonant frequency of most 
cables falls around the 6MHz mark — 
smack in the middle of a CD player's 
RF band! 

One way or another things will 
undoubtedly hot up once we enter the 
RF-conscious European Market. 
Tighter controls on RF noise are 
bound to follow but I for one will be 
more interested in the subjective 
repercussions of such a trend. 


Paul Miller 


Evolution of the Intelligent 


Machine, A popular history of . 


AI. by Geoff Simons. 

£18.50 from NCC Pubdli- 
cations, Oxford Road, Man- 
chester M1 7ED. Tel: 061-228 
6333. 


his chunky book is an excellent 
chronicle of the emergence of 
modern robotics and cybernetics. 


Simons fills it with facts and figures. 


from the ancient roots of mechanics 
and logic to the latest in neural net 
computers, taking in much territory 
that most programmers or engineers 
could regard as alien and (wrongly) 
irrelevant, 

Simons given a wizz through the 
ancient world (mentioning contribu- 
tions from India and China, which 
most writers leave out), tells us where 
Aristotle went wrong and then leaps 
on to Charles Babbage and the 
beginnings of modern computing. 
Chapters 5 to 7 then take us through 
the years when robots were big boxes 
full of relays and the invention of the 
transistor by, among others, the 
egrarious William Shockley. 

In line with his general policy, 
Simons fills us in on the why, where 
and by whom as well as the how of all 
stages. A rather lengthy detour 
through the basics of Al then brings.us 
back to methods of control and so to 
the sensor systems and robotics of 
today, with a roundup of currently 
emerging techniques and future direc- 
tions. Throughout, the book is packed 
with detail including brief descriptions 
of the ‘key’ programs which most 
other books mention but do not 
explain. Allin all, a great introduction 


_ to Weiner's ‘cybernetics’ — the study 


of the control of animal and mecha- 
nical devices. 

Which leaves us with only two 
problems. The first is the title. 
Whatever its merits, the book is only 
peripherally about Al. The historical 
background is, until the mid 19th 
century, the history of mechanics, not 
of Al. Until the Victorians, who 
thought that everything could be 
mechanised (even space was meant 
to be filled with tiny wheels in 
Maxwells Victorian electrical theories) 
no-one conceived that mind could be 
separate from matter. 


Ideas 

Now, of course, it is a commonplace 
(viz those TV adverts that invite you 
to improve or pander ‘your body’, as 
if it were a separate object like your 
car). 

The originators of this concept 
were not Frege and Russel but Berk- 
eley and Locke who started talking 
about ‘ideas’ as if they were things. 


We still do it. You have ideas like 
babies, rather than being an idea as 
you might have in the 17th century. 
This is the crucial change that makes 
Al possible but Simons only mentions 
it in passing on page 103 in the con- 
text of Shannon's work in information 
theory. The automata of previous 
centuries and indeed many of today 
are meant to be mechanisms that 
mimic humanity, as an actor mimics 
a king. They were not thought of as 
being intelligent, only looking it, to the 
amusement, amazement or fear of all 
around. 


Society Wide 
The comments on the impact of Alin 
wider society, essential for a real 
history, are also almost absent, and 
those that are there are cliches, 
outdated before they were printed, 
The theme of this book is to 
chronicle the rise of the ‘intelligent’ 
robot and for that purpose it is a mine 
of information, It is not a history, and 
it is only peripherally about Al. (And 
who goes down a mine for fun?) 
There are a couple of other faults. 
No index, which in a book filled with 
facts is a disaster. The editor should 
have insisted on one. What use is it to 
be reminded of Margaret Boder's 'tin 
can’ approach to Al on pages 243 and 
269 when you cannot remember 
where you saw it explained? 


Reliable 

1 wondered how reliable some of the 
information was — some seemed to 
have been taken almost verbatim from 
company handouts, like the 21 
pages on Logica’s LOGOS system. 
This is not the most impartial source 
of material. 

There are occasional lapses into 
jargon. Fascinating although ‘use was 
made of a network of net convexivity 
detectors * may be, a little 
explanation would be nice (but such 
an easy trap to fall into! 99/100 for not 
doing it more often). 

Also needed is some assurance 
that ‘net’ was not meant to be ‘nett’ as 
misprints abound, sometimes to very 
funny effect — Chapter 16 mutates 
halfway through to ‘Signposts to a 
failure’ (from ‘future’) which is perhaps 
a bit more honest than even Simons 
wants to be. Again, a good editorial 
presence is called for, which is 
unfortunate for Simons as he seems 
to have been the editor too. 

A slightly flawed reference book, 
then. Fascinating to dip into but not a 
history, and mostly not about Al. 


Bill Bains 
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OPEN CHANNEL 


Ge news! TAT-8 is just about 
inoperation! Eh? What? You 
know, TAT-8 — transatlantic 
telephone cable number 8, Of course 
you remember. TAT-8 is the first 
optical fibre cable to cross the atlantic 
between the US and Europe (specifi- 
cally France and the UK}. After tests 
have been completed, it will be able 
to carry some 40,000 simultaneous 
telephone calls, an increase of four 
times over the previous cable TAT-7. 

TAT-8 actually comprises three 
optical fibres. All go from Tuckerton 
in New Jersey to an undersea branch- 
ing site in the Atlantic on the 
European continental shelf from 
where they branch. One heads off to 
Penmarch in France, one goes to 
Widemouth in England and one 
remains as spare, 

One question on the minds of 
communications organisations is how 
this improved cable service will affect 
satellite usage. Previously, satellite 
services had the main advantage that 
transmission/reception to/from satel- 
lites has been as simple as setting up 
a dish and coupling it to an appro- 
priate transceiver wherever the user is 
on either continent. This gives a dis- 
tinct advantage over cable systems 
where a multiplicity of exchanges are 
required. 

TAF8 together with associated 
equipment attempts to overcome this 
by providing gateways and transit 
centres throughout the United States 
and Europe, to provide direct linking 
between Los Angeles, New York, San 
Francisco and Washington, and Bel- 
gium, the Netherlands, Switzerland 
and West Germany. 


Olivetti Into Cells 

Olivetti has made an interesting 
transition into cellular telephone 
systems as main controller of a new 
organisation, Eurocell, set up to 
manage cellular networks throughout 
Europe. Eurocell is based in Brussels 
and its main aim is to attract potential 
national partners to operate and 
maintain networks. 

In joint ownership with two North 
American companies, Cellular Com- 
munications and Shearson Lehman, 
Olivetti holds 51% of Eurocell. 
Cellular Communications is an ex- 
perienced cellular telephone producer 
and management company so this 
will make up for Olivetti’s complete 
lack of similar experience. 

Olivetti will be fortified by the fact 
that income in the various European 
mobile communications businesses 
was £3.2 billion last year. Apparently, 
there are over 1.4 million cellular 
telephones installed in Europe, a 
figure which is still rapidly growing. 

Meanwhile, the Norwegian data 
processing arm of Olivetti (Scanvest 
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Ring) is giving Olivetti a severe case 
of bright red faces. It seems that a 
considerable amount of shifty foot- 
work has been going on inside Scan- 
vest Ring and Olivetti has been led up 
the garden path. 

Olivetti invested around £40 
million for a 51% stake (a familiar 
figure?) in the organisation last March 
but now alleges that figures regarding 
the Scanvest Ring performance prior 
to this were falsified. Trading for 
Scanvest Ring has been suspended 
and the Oslo stock exchange has 
asked Olivetti to buy the remainder of 
the available shares at a price nearly 
four times that when suspension 
occurred so will not lose out. Ah well, 
you win some, you lose some. 


Satellite Sideline 

Astra’s up and broadcasting at last. No 
doubt many readers will have rushed 
out and bought receivers and dishes 
{if they could find any) to pickup all 
the new television channels available 
and will probably have made up their 
own minds by now regarding pro- 
gramme quality. 

What few satellite watchers will 
have realised, however, is that satellite 
television will not be the only way 
Astra (and any other TV-based satel- 
lite, for that matter} is to be used. 

It has been predicted that within 
two years income from broadcast 
satellite television services will be 
matched by income from broadcast 
satellite data services. So, what does 
this mean? Well, for a kick-off, it 
means a heck-of-a-lot to some people 
who realise this potential. 

People like Rupert Murdoch and 
Robert Maxwell, people whove rarely 
if ever been known to miss oppor- 
tunities. Maxwell's and Murdoch's 
companies were two of 27 which 
recently applied for specialised 
satellite service operator (SSSO) 
licences (Maxwell got one, Murdoch 
didn't) which allow organisations to 
run broadcast data services from 
satellites such as Astra. 

Broadcast data services as yet, 
may appear a little used and unattrac- 
tive phenomenon but the push into 
satellite television systems will 
enhance their use, directly and 
indirectly, Directly because satellites 
don't have to be specially launched 
(Astra et al will be already there}. 
Indirectly because millions of homes 
throughout Europe will have the 
potential to use them (that is, dishes) 
soon, if sales figures for satellite 
television systems are realised. 

Operators are already producing 
and starting such services. The first 
was in January. 


Keith Brindley 


UK Distributor for the 
complete ILP Audio Range 


way 


@ Bipolar Modules 
15 watts to 180 watts 
@ Mosfet Modules 
60 watts to 180 watts 
@ Power Supplies 
@ Pre-amplifier Modules 
@ 100 volt line Transformers 
@ Power Slave Amplifiers 


UK Distributor for 
Toroidal Transformers 


STEEL DISHED 
WASHER 


OUTER i 
INSULATION ————7 


NEOPRENE 


SECONDARY WASHERS 


WINDING 
INSULATION 


PRIMARY 
WINDING 


@ Standard range 
available from stock 
15VA to 625VA 

@ Design and manufacture 
up to 3KVA with fast 
prototype service 


Write or phone for prices and data. 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PI 
Telephone: (0227) 375254 Fax: 0227 365104 


Nooo oooooooOooooooooOooRoOooooOoOnooo 
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> SURVEILLANCE 


EQUIPMENT KITS 


= MTX Micre-miniature VHF transmitter. The smailost kit on the market. measuring a 
incredible 17mm x 17mm including on-board mic. Super sensitive Fut! 
tunsaple over FM band, 8V operation with range up to 1000m % Lat 


a VT500 High power version of the MTX with on-board PA stage providi 250mW of AF. 
Measures just 20mm x 40mm, power requirements 915, heteony mt Recently 
and stability, Fully tuneable over FM band. Ranges! vee 
expected st et 3.08 


a VOX75 Voice-activatad transmitter. Variable. eecseitivily siigger level ewitches 
transmitter on when sounds are detected Stays on tor time delay variable 
between 1-20 sec. Fully tuneabie output covers ali FM band Very sensitive and 
low standby current Hiroughr cus mbpenicn av operation, range vp to 1000m, 
Measures 30mm x 40mm .........- £16.96 


= CTX900 Sub-carrier scrambled transmitter Audio is double modulated providing very 
secure tranemissions, Any unauthorised listener will not be able to demodulate 

signal without O$X900 ler unit. Variable modulation on-board. Fully 

tuneable output Logvecinny FM band. §V operation, range up to 1000m, Measures 

Im x 40mm. £18.98 


« DSx9e00 Decoder unit toe CTxe00 Connects to earphone output of receiver to 
descramble signal from CTX900. Monitor using small speaker or headphones 
Variable decode frequency on-board for best resolution, 9-12V operation 
Measures 35mm x 50mm C1796 


& TLX700 Micro size telephone tranamitter Connects onto (ine at any point and requires 
no batteres Clearly transmits bolh sides of conversations on both incoming 
and outgoing calls, Undetectable by phone users. Fully tuneable output 
covering FM band. Range up to 1000m, Measures just 20mm x 20mm 9.05 


2 ATR2 Micco size tetephone recording unit Connects onto line at any point and 
connects into ANY normal cassette recorder. standard or micro having MIC and 
REM sockets Requires no batterres. Switches recorder on silently when phone 
1s used for incaming or outgoing calls, switches off when phone replaced 
Clearly records both sides of conversations. Undetectable aby phone, users. 
Measures 10mm x 36mm £10,085 


= XMLOOO AF Bug Detector/Locator. Wide band input A elrovitiysa detects presence of AF 
held and triggers tashing LEO and piezo bleeper. Variable sensitwity enables 
source of transmission to be pinpointed to within 6 inches. Max sensitivity will 
detect MTX of similar transmitter at around 15-20 feet. 9V vloperexon Measures 
56mm x 55m c21.96 


ZENITH KITS- 
FOR THE 
ELECTRONICS, : 
EN THUSIAST ° 


@ VU-Meter 10-LED indication PPM. display 

@ Electronic Door chime 3-note - variable freq 
@ Infrared transmitter/receiver system 
@ Light Activated Relay, 9-12Volt opp.... 
@ Metal and Voltage Detector 

@ Tone Generator — Pulse or Warble tones 
@ Loudspeaker Protector 5-100Watts 


BAIl Kits are available READY BUILT please see latest 
Catalogue, 


B All Kits contain full instructions PCBs and com) nts MH All 
prices include VAT and postage and packing @ rseas 
orders add 10% to above prices i Please send Cheque or 
Postal Order with Order. 


ZENITH ELECTRONICS Dept. 1 

Cortlandt Business Centre 

Hailsham, East Sussex, UK BN27 1AE S.A.E. 

Telephone (0323) 847973 26p) \ 

Telex 878334 Fax 647204 (A4 ne 
or } 


All kits come fully dacumented with concise assembly and setting-up instructions. high quality 
frbreglass PCB and all components necessary to complete the module. All prices are inciusive but 
please add £150 to cover P&P. Orders over £50.00 past free. Please state requiramenis clearly and 
enclose cheque or PO to cover. 
Phone orders on ACCESS of AMEX accepted. Tel: 0827 714476 
NOTE: It is illegal to operate a transmitter in the UK without a licence 
Send 9x4 SAE for full catalogue of these and other surveillance kits 


ONOASHoOoOoOoOoCoAooORooOoCoOono0o0o000000n 
sip Hn a ae pea an hte Se a 


SUMA DESIGNS (Dept ET!), THE WORKSHOPS, 95 MAIN ROAD EZ Xx wi a (0323 i gai FREE 
(CO BAXTERLEY, NR ATHERSTONE, WARKS CV9 2LE, TEL: 0827 714476 EN ee] Pp ep pep . Catalogue 
BM cooooooonooooo000noRoOoooo0o000)00: gm eooooocccccccec.8 i aaa 


Please make cheques out to ASP Ltd. Payment, ; 
can also be made through Access and Visa cards by | Please supply: 
telephone on (0442) 41221. l Quantity Ref. no. Price Code Price Total Price 


Send your order to: | 
ETI PCB Service, ASP Readers Services, 9 Hall 
Road, Hemel Hempstead HP2 7BH 


E8904-1 Camera Trigger ........2-0...0ccecc cscs eee cece E 

E8904-3 Intelligent Plotter Main Board . ies boat 

E8904-4 Kinetotie Tie Board ...........000--2...c cece N 

E8904-5 Kinetotie Control Board ...............--.....65 E 
Post and packing £0.75 
Total enclosed £ 


Please send my PCBs to: (BLOCK CAPITALS PLEASE) 
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Name on) cS FO Sore SSWw Oe REE ee ew eae eo eS HOS 
Address ......... aka OR ADDS ES DAF KORY CET E SES wide ig e ene 
| eae ae OS RON ee ee ne ee ee ee 
| 
y Siig) 4) ago wet CASES Postcode ........-.0 seen eeeee 
| ACCESS and VISA credit card orders can be taken on (0442) 41221 | 
| during office hours. | 
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